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Preface

Billions of people around the world consume milk and dairy products every day.
Not only are milk and dairy products a vital source of nutrition for these people,
they also present livelihoods opportunities for farmers, processors, shopkeepers and
other stakeholders in the dairy value chain. But to achieve this, consumers, industry
and governments need up-to-date information on how milk and dairy products can
contribute to human nutrition and how dairying and dairy-industry development
can best contribute to increasing food security and alleviating poverty.

This publication is unique in drawing together this information on nutrition,
dairying and dairy-industry development from a wide range of sources and explor-
ing the linkages among them. It is the result of collaboration between the Agricul-
ture and Consumer Protection and the Economic and Social Development Depart-
ments of the Food and Agriculture Organization of the United Nations (FAO). The
Nutrition Division of FAO’s Economic and Social Development Department and
the Rural Infrastructure and Agro-Industries Division of the Agriculture and Con-
sumer Protection Department jointly led and coordinated the planning, preparation
and publication process.

In producing this publication our aims were to:

* provide an in-depth look at selected topics of concern regarding dairy and

nutrition, from milk production to consumption;

* provide a balanced and unbiased scientific overview of the impact of milk
and dairy consumption on human nutrition and health in developed and
developing countries; and

» give insights on dairy’s potential to improve the diets of poor and
undernourished people and implications for future actions by diverse

stakeholders.

Many experts and scientists from around the world, from disciplines such as nutri-
tion and food science, food safety, dairy-industry development, economics and
agriculture, contributed to writing and reviewing the information and scientific
knowledge presented in this publication. Each chapter has been peer reviewed by at
least four independent experts to ensure that the information provided is verifiable
and of good quality.

The technical editorial team thanks all who gave so generously of their expertise,
time and energy.

Ellen Muehlhoff
Anthony Bennett
Deirdre McMahon
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Foreword

FAOQ is pleased to present its new book on Milk and Dairy Products in Human Nutrition.

This book comes at an opportune time of renewed interest in agriculture and
sustainable food-based solutions as a key strategy for improving diets and bringing
greater nutritional benefits to poor and malnourished people.

In 1959, the Food and Agriculture Organization of the United Nations (FAO)
produced Milk and Milk Products in Human Nutrition, a seminal treatise on the
topic. In response to popular demand, a revised second edition was produced in
1972. Half a century after the first publication, in 2009, it was time to revisit the role
of milk and dairy products in human nutrition and development.

With rising incomes and increased production, milk and dairy produce have
become an important part of the diet in some parts of the world where little or no
milk was consumed in the 1970s. Consumption of milk and dairy products is grow-
ing fastest in Asia and the Latin America and Caribbean region. India has recently
become the world’s largest milk producer, yet per capita consumption levels there
are still low. Globally, too many poor people are still not able to afford a better
diet and greater efforts, including agricultural growth, diversification and public
investment, are needed to ensure that poor and undernourished people can acquire
food that is adequate in quantity (dietary energy) and in quality (diversity, nutrient
content and food safety).

FAO, in pursuing its mission of eradicating hunger and improving food security
and nutrition for all, seeks to improve awareness among consumers and member
governments of the importance of a balanced, healthy and sustainable diet. Our role
as a global knowledge centre is to provide sound advice to member countries on the
role and value of various foods from production to consumption and their role in
human nutrition and health.

The publication comprises nine chapters that can either be read from start to fin-
ish for a full appreciation of the connections between dairy and human nutrition,
or by topic and area of interest. The book presents information on the nutritional
value of milk and dairy products and evaluates current scientific knowledge on
the benefits and risks of consuming milk and dairy products in the context of
global changes in diets. It highlights positive effects that connect dairy agriculture,
nutrition and health at the local, national and global levels, and identifies gaps in
current knowledge in these areas. It reviews global trends in milk production and
consumption, discusses challenges for sustainable and inclusive dairy-industry
development and food safety, reviews programmatic experiences and lessons
learned about food-based solutions to problems of malnutrition and provides
concrete options for governments, international organizations and the private sec-
tor. Each chapter provides a comprehensive set of references allowing the reader to
probe the topics further.



Xiv

The publication serves a variety of audiences, from academia to research,
policy-makers and planners, the private sector and the consumer. I hope that the
information presented will encourage dialogue and action within and between the
sectors to achieve our common goals of reducing poverty, strengthening livelihoods
and improving human nutrition and health on a sustainable basis. This way we
will be taking another step in the direction of meeting the Zero Hunger Challenge
earmarked by the UN Secretary-General at the Rio+20 Sustainable Development
Summit in June 2012.

Daniel J./Gustafson
Deputy Director-General (Operations)
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This book focuses on the role of milk and dairy in human nutrition and development.
It takes a broad view of food systems from producer to consumer and explores the
linkages between dairy-industry development, food security, human nutrition
and health.

This chapter provides the global nutrition context in which this book was
prepared, including current trends in malnutrition, and presents an overview of the
main issues and topics that are discussed.

1.1 NUTRITION AND HEALTH

Good nutrition and access to an adequate diet and health are essential for child
growth and development, body maintenance and protection from both infectious
and non-communicable diseases (NCDs) in adult life. Adequate nutrition and a
healthy productive population are increasingly recognized not only as resulting from
but also as an important prerequisite for poverty reduction and economic and social
development. Improvements in family diets and children’s nutritional status glob-
ally are thus imperative for achieving the Millennium Development Goals (MDGs)
related to the eradication of extreme poverty and hunger (MDG 1) and increasing
child survival (MDG 4). Given evidence that children’s nutrition affects their health,
intelligence and educational performance and their economic status in adulthood,
reducing childhood malnutrition also influences achievement of the MDGs related to
universal primary education, gender equality and women’s empowerment, improve-
ments of maternal health and fighting human immunodeficiency virus (HIV).

1.2 PROGRESS IN NUTRITION OUTCOMES

1.2.1 Undernourishment

The latest FAO estimates indicate that significant progress has been made in reduc-
ing undernourishment in the world during the last 20 years (FAO, IFAD and WED,
2012). During the period 2010-12, a total of 870 million people did not have access
to sufficient dietary energy and were chronically undernourished, 132 million fewer
than in 1990. The vast majority of these — 852 million — live in developing countries.
The results imply that the target of halving the proportion of people who suffer
from hunger by 2015 (relative to the proportion suffering from hunger in 1990)
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(MDG 1c) is within reach, although many challenges remain and accelerated action
is needed to continue this positive trend.

1.2.2 Childhood undernutrition

While undernourishment has been declining there have also been improvements in
child nutritional status as expressed by the key anthropometric indicators of child
stunting, underweight, wasting and nutrition-related child mortality. Nevertheless,
the rate of improvement suggest that we are unlikely to meet the United Nations’
goal of halving the 1990 underweight prevalence levels on a global level or in all
developing countries.

New estimates show that globally 165 million children under five years of age,
or 26 percent of all children, were stunted (low height-for-age) in 2011, a 35 percent
decrease from an estimated 253 million in 1990 (UNICEF, WHO and World Bank,
2012). Despite improvements, high prevalence of stunting remains a major problem,
especially in Africa and South Asia where 90 percent of the world’s stunted children
reside. Stunting reflects the cumulative effects of poor maternal nutrition, poor diet
and infections during the first two years of life. It results in slowed child growth and
impedes brain development; it often goes unrecognized and is largely irreversible.
Adequate dietary intake is especially critical in the period from 6 to 18 months of a
child’s life when a child’s growth rate is high. At six months, breastmilk alone is no
longer adequate to support normal growth and mental development and nutrient-
rich complementary foods must be introduced, including animal-source foods.

There has also been a decline in the prevalence of underweight (low weight-for-
height) globally, with an estimated 101 million children under five years of age, or
16 percent of all children, underweight in 2011, a 36 percent decrease from an esti-
mated 159 million in 1990 (UNICEF, WHO and World Bank, 2012). Underweight
was selected as the indicator to track progress towards the MDG target of reducing
malnutrition by half by 2015. Children who have a low weight-for-age can either
be wasted (low weight-for-height), stunted or both. Underweight is a composite
indicator and may therefore be difficult to interpret.

An estimated 52 million children under five years of age were wasted in 2011,
representing an 11 percent decrease from an estimated 58 million in 1990. Latest
estimates show that 70 percent of the world’s wasted children live in Asia, mostly
in South Asia (UNICEF, WHO and World Bank, 2012). Wasting results from acute
nutritional deprivation, often combined with infection, and occurs especially during
periods of severe food shortages. Wasted children have a weak immune system and
are at increased risk of severe acute malnutrition and death. Findings show that
childhood malnutrition is an underlying cause of death in an estimated 35 percent
of all deaths among children under the age of five years, indicating that continuing
efforts to improve access to better quality diets and health are imperative (Black et
al., 2008).

1.2.3 Micronutrient malnutrition

Access to better and more diversified diets is key for combating problems of micro-
nutrient malnutrition or “hidden hunger”. Despite progress in addressing micronu-
trient malnutrition in some countries and regions, several billion adults and children
continue to be affected by one or more nutrient deficiencies (FAO, 2011). Although
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most development programmes have focused on eliminating iron, iodine and vitamin
A deficiencies, many people do not have an adequate amount of other essential
micronutrients such as zinc, folate and vitamin By, (Burchi, Fanzo and Frison, 2011).

Progress in eliminating vitamin A deficiency, a major cause of childhood blind-
ness and death, has been significant in eastern Asia and Central and South America
but less progress has been made in sub-Saharan Africa and Central and southern
Asia (FAO, IFAD and WFP, 2012). Iodine deficiency causes goitre; in its most
severe form it affects the developing brain, resulting in mental retardation. Over
the last 20 years iodine deficiency has declined significantly around the world
largely because of the expansion of salt-iodization programmes. Iron is absolutely
critical for maternal and foetal health and survival, children’s brain development
during the period from 6 to 24 months of age, educational performance and labour
productivity. Inadequate iron in the diet, resulting from low consumption of
animal-source foods (meat, poultry, fish) and/or fortified foods, is one of the main
causes of the prevailing high levels of anaemia in the world. Over 30 percent of the
world’s population (about 2 billion people) are anaemic, mainly as a result of iron
deficiency in the diet, with more than half of the women of reproductive age in Asia
affected (FAO, 2011). Prevalence in children is even higher in many populations;
in Africa it is estimated to be 60 percent. There has been little progress in reducing
the prevalence of anaemia in the last 20 years and prevalence may even have risen
in some countries (UNSCN, 2010). Zinc deficiency is increasingly recognized
as a micronutrient deficiency of significant importance in developing countries,
particularly because of its association with suboptimal growth and reduced immune
competence in children. In children, it is associated with increased morbidity and
mortality from diarrhoea; in pregnant women, zinc deficiency may result in poor
foetal development and low birth weight babies. Apart from low dietary intake of
zinc-rich foods, dietary deficiency may also occur as a result of zinc binding to
phytates in cereal-based diets (FAO, 2011). One of the most common explanations
for poor vitamin By status is low intake of animal-source foods. Typically, the diets
of populations in low-income countries is low in animal-source foods and it has
become apparent that many such populations have a high prevalence of deficient
and marginal plasma concentrations of vitamin By, (Allen, 2008). Vitamin Bj, and
folate deficiencies have been acknowledged as the most common cause of macro-
cytic anaemia. Additionally, poor maternal folate status is associated with serious
negative health outcomes including stillbirth, low birth weight and neural tube
defects (WHO, 2012a). Although there are few data on folate intakes, one would
expect that folate status is poorer in populations that consume only small amounts
of green leafy vegetables and legumes (Allen, 2008).

1.2.4 The double burden of malnutrition

Paradoxically, over a billion adults (20 years and older) were overweight in 2008,
with half of them being obese (WHO, 2012b). Nearly 43 million children under five
years of age were overweight in 2011, about 80 percent of whom live in develop-
ing countries (UNICEF, WHO and World Bank, 2012). According to the World
Health Organization (WHO), obesity has doubled since 1980 (WHO, 2012c). Once
considered a problem only in high-income countries, overweight and obesity are
growing rapidly in many low- and middle-income countries, especially in urban
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areas. Changes in dietary patterns made possible by rising incomes and increased
availability of energy-dense foods together with reductions in physical activity
levels are associated with this dietary transition.

While changes in diets have brought significant improvements in nutritional
status, undernourishment and levels of child malnutrition have remained unaccept-
ably high. Moreover, a growing number of developing countries are affected by the
so-called double burden of malnutrition, where undernutrition and overnutrition
co-exist in the same communities and families. Improvement in the diets of mal-
nourished populations can help raise the well-being and productive capacity of both
present and future generations.

1.3 LINKING AGRICULTURE AND NUTRITION

The food and financial crises of 2008 and 2009 focused governments’ attention
on the importance of food and nutrition security as a fundamental component of
socio-economic development and political stability. This is illustrated by efforts
to reform the Committee on Food Security, the creation of the High-Level Task
Force on Food Security and donors’ renewed interest in food and nutrition security
which led to the establishment of the European Union’s Food Facility, the Span-
ish MDG-Fund on Children, Food Security and Nutrition and the United States
Agency for International Development’s Feed the Future programme and the
sixty-third World Health Assembly Resolution on Infant and Young Child Feeding.

The Scaling-up Nutrition (SUN)! Movement is calling for high-level interna-
tional attention to scale-up nutrition programmes by 2015. The movement was
launched in 2010 with the support of multiple partners, including governments
of countries with a high burden of malnutrition, United Nations (UN) agencies,
donors, non-governmental organizations, academia and the private sector, together
with advocacy initiatives such as the 1000 Days partnership. UN partners such as
FAO, UNICEF, World Food Programme (WFP) and WHO collaborating in the
Renewed Efforts Against Child Hunger initiative (REACH)? and the UN Standing
Committee on Nutrition (UNSCN) are committed to strengthening governance
for nutrition and to revitalizing the role of nutrition at the international level. The
African Regional Nutrition Strategy 2005-2015 (African Union, 2006), for example,
stresses the need to emphasize nutrition as a basic input in poverty-alleviation
strategies and the achievement of the MDGs.

Growing attention is also being given to the synergies between agriculture,
nutrition and health. A high-level international conference on “Leveraging Agri-
culture for Improving Nutrition and Health” convened by the International Food
Policy Research Institute in New Delhi, India, on 10-12 February 2011 sparked an
important policy dialogue on the role of agriculture and how it can be energized to
enhance its impact on nutrition. The conference identified the need to learn more
about the potential for agriculture to work optimally for nutrition, and the implica-
tions for future policies and programmes.

U hetp://scalingupnutrition.org
2 http://www.reachpartnership.org
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UN Secretary General Ban Ki-moon launched the Zero Hunger Challenge® at
the UN Conference on Sustainable Development (Rio +20) in Rio de Janeiro in
June 2012. The Challenge aims at promoting effective policies and programmes and
increased investment to achieve the following five objectives: 1) a world where eve-
ryone has access to enough nutritious food all year round; 2) no more malnutrition
in pregnancy and early childhood; an end to the tragedy of childhood stunting; 3) all
food systems are sustainable, everywhere; 4) greater opportunities for smallholder
farmers — especially women — who produce most of the world’s food so that they
are empowered to double their productivity and income; and 5) cut losses of food
after production, stop wasting food and consume responsibly.

There is a broad and growing consensus on the need for food and agricultural
systems to contribute more effectively to improving nutrition outcomes, particu-
larly through improvements in diets and raising consumer awareness. This book is
intended to contribute to this effort.

1.3.1 The role of milk and dairy products

The rapid rise in aggregate consumption of meat and milk is propelled by millions
of people with rising incomes diversifying from primarily starch-based diets into
diets containing growing amounts of dairy and meat. The underlying forces driving
these trends are set to continue, and the potential for increased demand for livestock
products remains vast in large parts of the developing world.

Growing consumption of dairy and other livestock products is bringing impor-
tant nutritional benefits to large segments of the population of developing countries,
although many millions of people in developing countries are still not able to afford
better-quality diets owing to the higher cost. However, the rapid growth in produc-
tion and consumption of livestock products also presents risks to human and animal
health, the environment and the economic viability of many poor smallholders,
but may also offer opportunities for small- and medium-scale dairy industries.
These issues are explored in Chapter 2 — Milk availability: current production and
demand and medium-term outlook.

Milk contains numerous nutrients and it makes a significant contribution to
meeting the body’s needs for calcium, magnesium, selenium, riboflavin, vitamin By,
and pantothenic acid (vitamin Bs). However, milk does not contain enough iron and
folate to meet the needs of growing infants, and the low iron content is one reason
animal milks are not recommended for infants younger than 12 months old. The
nutrient composition of milk from various species is detailed in Chapter 3 — Milk
and dairy product composition, as are the factors that influence milk composi-
tion, such as stage of lactation, breed differences, number of parturitions (parity),
seasonal variations, age and health of the animal, feed and management effects. The
chapter also presents a brief overview of the nutrient composition of treated liquid
milk and dairy products, followed by some interesting findings regarding linkages
between animal milk sources and climate change.

3 http://www.un.org/en/zerohunger
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Milk and dairy products play a key role in healthy human nutrition and develop-
ment throughout life, but especially in childhood, as discussed in Chapter 4 — Milk
and dairy products as part of the diet. However, the role of milk and dairy products
in human nutrition has been increasingly questioned in recent years. Milk is a
complex food containing numerous nutrients. Most of the constituents in milk do
not work in isolation, but rather interact with other constituents. Often, they are
involved in more than one biological process, sometimes with conflicting health
effects. Thus, while milk consumption is associated with a reduced risk of NCDs
such as osteoporosis and possibly colorectal cancer and type 2 diabetes, concern has
been expressed about the possible association between high dairy consumption and
other NCDs such as cardiovascular disease and prostate cancer. Milk fat provides a
good example of this. The traditional diet-heart paradigm, developed in the 1960s
and 1970s, held that consumption of fat, and saturated fat in particular, raised levels
of both cholesterol as a whole and low-density-lipoprotein cholesterol, leading
to coronary heart disease. Currently, many national and international authorities
recommend consumption of lower-fat dairy foods. However, the scientific rationale
behind this recommendation is still debated. In Chapter 4, we summarize the avail-
able evidence on the relationship between dairy consumption and health.

Social and technological developments of the past few decades have significantly
influenced the variety of dairy products available. These products vary in their
nutritional composition and in Chapter 5 — Dairy components, products and human
bealth we present some of the main components that can be altered during pro-
cesses such as fermentation and fortification. Dairy foods and their nutrients are not
consumed in isolation and no single food can supply all essential nutrients. When
investigating the relationship between dairy products and health, it is important to
consider that the human diet is complex and is not defined by the inclusion or exclu-
sion of one food, but by its totality. Balance and variety is fundamental to healthy
eating. Although it is difficult to reach a firm conclusion on the health impact of
individual dairy products, in general dairy can be an important part of a healthy,
balanced diet. Given the diversity of dairy products with differing compositions,
ideally the consumer should be aware of the product’s overall nutritional profile
and how it can contribute positively or negatively to the diet. Today’s consumers
receive nutrition information and dietary advice on dairy consumption from a vari-
ety of sources. The subject of health and nutrition claims has received considerable
attention from both the industry sector and the regulators. The general consensus
amongst the legislators is that the regulatory framework should protect the con-
sumer from false information, promote fair trade and encourage innovation in the
food industry that can ultimately translate into healthier lifestyles. The debate over
the validity of health claims has been particularly active in Europe. To date many
products claimed as being “health-enhancing” lack the scientific evidence to merit
claims. These and other issues are also discussed in Chapter 5.

With growing consumer concerns for their daily consumables there is also
increased awareness of safety and quality issues in milk and dairy products. As
highlighted in Chapter 6 — Safety and quality, ensuring the safety of milk and
dairy products is important to maintaining their nutritional values, in addition to
maintaining or supporting the livelihoods of dairy farmers and processors. Raw
or poorly processed or handled milk and milk products can lead to cases of food-
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borne illness in humans. A great deal is known about the sources of hazards and the
necessary controls and preventive measures to avoid them, and these are discussed
in Chapter 6. It is not always necessary to eliminate the hazard completely, but
ensuring that it does not exceed an acceptable level is critical. The challenge to all
food-safety policy-makers is to balance necessary mitigation and control measures
with desired economic and human health outcomes whilst taking into account the
diversity of milk production systems and products.

1.3.2 Dairy programmes affecting nutrition

As a concentrated source of macro- and micronutrients, milk and dairy products
can play a particularly important role in human nutrition in developing countries
where the diets of poor people frequently lack diversity and consumption of
animal-source foods may be limited. As discussed in Chapter 4 — Milk and dairy
products as part of the diet and Chapter 7 — Milk and dairy programmes affect-
ing nutrition, milk and dairy products can add much needed diversity to plant-
based diets and can contribute to promoting child growth; it is frequently a vital
component in specially formulated foods in therapeutic feeding of malnourished
children. Milk and dairy programmes show potential to improve human nutrition
worldwide. Chapter 7 systematically reviews the evidence for the effects of milk
programmes on nutrition. Dairy production and agriculture programmes were
found to be more effective in improving nutrition if they were targeted to women,
strategies to introduce small livestock and improved breeds of cattle and sheep, and
awareness-raising on the nutritional value of milk. School-based programmes were
shown to improve body composition and micronutrient status, but the issues of
appropriate levels of fat, added sugar and flavouring in milk need to be addressed.
Evidence of the positive effects of milk was strongest from fortified-milk pro-
grammes, although issues of limited market access, cost and questionable effects on
zinc nutrition remain. Finally, adding milk to blended foods has been a nutrition
strategy for decades, but the effect of the milk ingredient is largely unknown.
Dairy programming faces many challenges, including the need for higher-quality
evaluations with cost-effectiveness analyses and consideration of the dual burden
of under- and overnutrition. Dairy offers compelling opportunities, such as the
prospect of simultaneously improving nutrition and reducing poverty, aided by the
generally positive public perception of milk.

1.3.3 Linking dairy agriculture and nutrition

A review of global trends and production indicates a stagnating level of milk con-
sumption in many developed countries but a growing demand in some developing
countries, notably in China (see Chapter 2). Increasing demand and relatively high
prices for milk and dairy products also provide an opportunity for the millions of
smallholder’s farmers who produce milk in developing countries to increase their
livelihoods. However, their market access is often limited by weaknesses in dairy-
industry development, as discussed in Chapter 8 — Dairy-industry development
programmes: their role in food and nutrition security and poverty reduction. In
many parts of the world, milk and dairy products are highly valued and have an
important role in both household food security and also in income generation.
Dairy-industry projects in developing countries often have a direct benefit for
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household health and nutrition, provide employment and income for the poor and
can make a substantial and sustainable contribution to poverty reduction. Chapter
8 reviews experiences and highlights a market-driven approach to investments in
national and dairy institutions, such as cooperatives, groups or associations, devel-
opment of sustainable and integrated supply of locally available inputs and support
services and ultimately providing a fair benefit for the tens of millions of smallholder
farm families who produce and market their surplus milk on a daily basis.

The agriculture—nutrition linkage is elaborated in Chapters 7 and 8. However,
many of the programmes examined did not measure nutrition impacts, and there
is a school of thought that questions whether we need to measure such an obvious
benefit as the daily provision of milk and dairy products at smallholder household
level. To compensate for this lack of measurement of nutrition impacts, this publi-
cation also draws upon the field-level experiences of a host of experts in nutrition
and dairy-industry development from both the public and private sectors globally.
Based on this, Chapter 8 presents a series of recommendations for enhancing the
design of dairy-industry programmes, including incorporating improved process
and impact evaluations to examine nutrition outcomes.

A major challenge is how to ensure that smallholder farmer families can par-
ticipate in and benefit from dairy-industry development. Dairying is unique in
agriculture in that it provides not only daily food at the household level but also a
modest but regular income for the farm family. Moreover, dairy animals can be a
source of farm power and very importantly also provide manure that is used as fer-
tilizer for crops or as fuel. Ensuring that dairy-industry programmes are inclusive of
smallholders thus has significant food-security and poverty-reduction implications,
and there is increasing evidence that there can be a significant benefit for women in
the household in many instances.

There is increasing interest of both governments and the private sector to meet
food demands locally where feasible. Producing high-quality milk and dairy prod-
ucts that are or will be demanded by consumers can be a challenging and complex
task. Governments may need to make initial investments in the dairy sector to stim-
ulate private-sector investments. Both public and private sectors have a key role to
play in inclusive dairy-industry development and increased collaboration between
the two would optimize economic and social impact of many programmes. FAO
should optimize its presence and role to facilitate and encourage such collaboration.

As aptly noted in Chapter 9 — Human nutrition and dairy development: trends
and issues, there are many publications on dairy development and even more on
human nutrition, but this book is unusual in that it examines the extent to which it
is possible to make explicit connections between the two. The concluding chapter
draws together the threads of the two stories, on nutrition and on dairy develop-
ment, and discusses the implications of these findings for the future of the sector,
particularly in developing countries. The issues and challenges posed require actions
on many fronts and an integrated effort by various stakeholders.
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ABSTRACT

This chapter reviews trends in global production and consumption of dairy
products and the drivers behind these trends. Consumption of dairy products
has increased rapidly in recent decades in several parts of the developing world,
driven by economic growth and rising income levels. This has been accompanied
by major increases in production in several developing countries, with growth rates
significantly outpacing those in developed countries. Technological change in the
sector has resulted in major increases in productivity and the emergence of large-
scale commercial dairy farms. However, small-scale dairy producers have remained
largely at the margin of these developments. Trade in dairy products has expanded
as a result of improved processing and shipping technologies. However, the bulk
of dairy production is consumed domestically and does not enter international
trade. The potential for further increases in dairy consumption remains significant,
especially in countries where per capita consumption is still relatively low, but the
rate of growth is expected to be slower than in recent decades. The rapid expansion
and transformation of the global dairy sector contributes to growing threats to the
environment and to human and animal health and increases pressures on the liveli-
hoods of small-scale dairy producers. These issues require attention if the continued
development of the sector is to be sustainable and socially balanced.

2.1 TRENDS IN FOOD CONSUMPTION PATTERNS - THE ROLE
OF LIVESTOCK AND DAIRY PRODUCTS

In large parts of the developing world income growth and urbanization are lead-
ing to increasing overall food consumption and changes in dietary composition,
with a growing proportion of high-value products in the diet, particularly food
of animal origin.

Average per capita daily energy intake in the developing world increased from
1 861 kcal in 1961 (64 percent of the average energy intake in developed countries)
to 2 651 kcal in 2007 (78 percent of the average energy intake in developed coun-
tries) (Figure 2.1).
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Over the same period, consumption of livestock products in developing coun-
tries increased rapidly. Milk consumption in developing countries almost doubled,
meat consumption more than tripled and egg consumption increased fivefold (Fig-
ure 2.2). In contrast, consumption of roots and tubers declined slightly.

FIGURE 2.1
Per capita daily energy intake in developed and developing countries, 1961-2007 (kcal)
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FIGURE 2.2
Per capita consumption of major food commodities in developing countries, 1961-2007
(index 1961=100)
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As a result of these increases in consumption of livestock products in developing
countries the proportion of dietary energy and protein coming from livestock prod-
ucts in developing countries doubled between 1961 and 2007 (Figures 2.3 and 2.4),

FIGURE 2.3
Percentage of dietary energy derived from foods of animal origin in developed
and developing countries, 1961-2007
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FIGURE 2.4
Percentage of dietary protein derived from foods of animal origin in developed
and developing countries, 1961-2007
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albeit to levels that are still well below those in developed countries. The declines
in energy and protein intake from foods of livestock origin in the developed coun-
tries in the 1990s were largely the result of declines in consumption in the former
centrally planned economies caused by elimination of subsidies, falling incomes and
reduced waste in supply chains (Figure 2.5). As a result of these trends, there has
been a significant narrowing in the gap between the two country groups in terms of
the share of livestock in energy and protein intake.

Overall, food consumption levels and dietary patterns of developed and develop-
ing countries are converging. This applies also more specifically to dairy products,
although the convergence has been slower than for livestock products in general.
The percentage of total dietary energy coming from dairy products increased only
slightly in developing countries, from 3.4 percent in 1961 to 4.4 percent in 2007, and
was largely unchanged in developed countries over the same period (Figure 2.6).
There were marked differences between regions in both the percentage of dietary
energy derived from dairy products and trends (Figure 2.7). The contribution of
dairy products to dietary energy intake increased in South Asia between the late
1960s and 2007, and has increased rapidly in East and Southeast Asia since 2001,
albeit from a very low base. Elsewhere the contribution of dairy products to dietary
energy intake has been largely static or declined.

In spite of the convergence in per capita consumption of livestock products,
there are still large differences between developed and developing countries,
between regions and even within regions both in per capita consumption of live-
stock products and growth rates of consumption (Table 2.1). These differences are
particularly marked in dairy products (Table 2.2).

FIGURE 2.5
Per capita energy intake from dairy products* in developed countries, 1961-2007 (kcal/year)
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FIGURE 2.6
Percentage of total dietary energy derived from dairy products* in developed
and developing countries, 1961-2007
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FIGURE 2.7
Regional differences in percentage of total dietary energy derived from dairy products*,
1961-2007
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Between 1987 and 2007 per capita consumption of milk increased throughout
the developing world, except in sub-Saharan Africa (Table 2.1). Rate of increase
varied from 0.4 percent per annum in the Near East and North Africa to 9.7 percent
in China, and both rates of expansion and levels of consumption differ widely. By
far the highest regional consumption levels are observed in Latin America and the
Caribbean (LAC). On the other hand, per caput consumption growth in the region
has been relatively slow, albeit with Brazil showing a rate of growth well above the
regional average. While meat consumption is growing faster than milk consumption
in developing countries as a whole, milk consumption is increasing faster than meat
consumption in East and Southeast Asia and South Asia (Table 2.1). Dairy products
are the major source of animal protein in the diet in South Asia in particular.

TABLE 2.1
Per capita consumption of livestock primary products by region and subregion, 1987 and 2007
Meat Milk Eggs
Per capita Annual Per capita Annual Per capita Annual
consumption growth consumption growth consumption growth
(kg/yr) (%) (kg/yr) (%) (kg/yr) (%)
. 1987- 1987- 1987-
Region 1987 2007 2007 1987 2007 2007 1987 2007 2007
Developed 81.0 86.6 0.3 208.7 213.7 0.1 14.6 13.7 -0.3
Former centrally 69.1 56.5 -1.0 1829 1798  -0.1 14.7 11.6 -1.2
planned economies
Other developed  g¢5 g5 g 05 2210 2241 0.1 145 139  -02
countries
Developing 16.9 29.6 2.8 37.5 55.2 2.0 3.6 7.4 3.7
East and
Southeast Asia 18.4 44.7 4.6 6.4 24.9 7.0 4.5 13.6 5.6
China 20.4 53.5 49 4.5 28.7 9.7 49 17.4 6.5
Rest of East and
Southeast Asia 13.6 26.6 3.4 10.7 17.0 2.4 3.7 5.8 2.3
Latin America and
the Caribbean 41.8 64.1 2.2 96.1 113.3 0.8 7.5 9.5 1.2
Brazil 45.9 80.5 2.9 88.7 124.6 1.7 7.9 7.5 -0.3
Rest of Latin 396 557 17 999 1074 04 73 105 18
merica
South Asia 4.7 4.6 -0.1 52.3 72.0 1.6 1.1 2.0 3.2
India 4.1 3.3 -1.1 51.0 68.7 1.5 1.1 2.1 3.4
Rest of South Asia 6.8 8.6 1.2 56.7 82.0 1.9 1.1 1.8 2.5
Near East and
North Africa 21.0 28.4 1.5 80.8 87.1 0.4 4.2 6.0 1.8
Sub-Saharan Africa 13.5 14.0 0.2 314 30.2 -0.2 1.6 1.7 0.3
World 32.0 40.3 1.2 77.9 84.9 0.4 6.2 8.6 1.7

Source: Elaboration on data from FAOSTAT, 2011 for consumption and the UN for population data.
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TABLE 2.2
Per capita consumption of dairy products by region and subregion, 1987 and 2007
Butter and ghee Cheese Cream
Per capita Annual Per capita Annual Per capita Annual
consumption growth consumption growth consumption growth
(kg/yr) (%) (kg/yr) (%) (kg/yr) (%)
. 1987- 1987- 1987-
Region 1987 2007 2007 1987 2007 2007 1987 2007 2007
Developed 4.6 2.8 -2.5 9.91 12.44 1.1 2.83 2.18 -1.3
Former centrally 6.5 2.1 -5.5 7.57 6.00 -1 5.48 1.88 -5.2
planned economies
Other developed 3.7 3.0 -1.1 11.14 1443 1.3 1.46 2.16 2.0
countries
Developing 0.6 1.0 2.7 0.54 0.64 0.9 0.00 0.04 15.1
East and
Southeast Asia 0.1 0.1 1.8 0.11 0.24 3.8 0.00 0.02 10.2
China 0.1 0.1 2.3 0.12 0.23 3.3 0.00 0.01 0.0
Rest of Eastand 0.2 1.2 0.10 0.26 4.9 0.01 0.03 7.0
Southeast Asia
Latin America and
the Caribbean 0.7 0.5 -1.3 1.79 1.92 0.3 0.00 0.06 14.6
Brazil 0.8 0.5 -2.5 0.45 0.21 -3.7 0.00 0.00 0.0
Rest of Latin 0.6 05 -0.7 249 280 0.6 001 009 146
merica
South Asia 1.0 24 4.4 0.00 0.00
India 1.0 2.7 5.2 0.00 0.00
Rest of South Asia 1.2 1.6 1.6 0.01 0.01 0.00 0.00
Near East and
North Africa 2.1 1.9 -0.6 3.33 3.42 0.1 0.01 0.12 17.3
Sub-Saharan Africa 0.2 0.1 -1.1 0.31 0.34 0.4 0.00 0.05 224
World 1.5 1.3 -0.8 2.80 2.86 0.1 0.85 0.55 -2.2

Source: Elaboration on data from FAOSTAT, 2011 for consumption and the UN for population data.

Although per capita consumption of dairy products has increased rapidly in
East and Southeast Asia, especially China, since 1987 the growth has started from
a low base and consumption levels are still less than half the average for developing
countries as a whole and less than a quarter of that in LAC (Table 2.1). Growth in
dairy consumption has been limited if not stagnant over the last couple of decades in
both sub-Saharan Africa and the Near East and North Africa, although in the latter
region consumption levels remain relatively high.

As a result of the increase in per capita consumption of milk and other livestock
products in parts of the developing world and population growth in those regions,
people in developing countries are consuming an increasing share of dairy products
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BOX 2.1
Differences in patterns of dairy production and consumption in China:
north-south, urban-rural

Per capita consumption of dairy products is increasing rapidly in China, but is still
low compared with other developing countries and developed countries in particular
(Wang and Li, 2008). Since 2000, the government has put in place a set of policies
to promote dairy production and technology development, supported by consider-
able investment. However, the rapid growth of the sector has led to new challenges
and overwhelmed monitoring and control measures, as illustrated by the melamine
scandal in 2008 (APHCA, 2009; Pei et al., 2011).

Traditionally, Chinese diets were primarily plant based; milk and dairy products were
not commonly consumed and were perceived as therapeutic food for the elderly, the
infirm and the young. Economic growth and urbanization, along with the more sophis-
ticated marketing channels that have accompanied these trends, have led to significant
changes in dietary patterns, and milk and other dairy products are slowly being incor-
porated into the diet. Current government guidelines that recommend regular milk
consumption have further challenged traditional preferences (Fuller et al., 2005; Dong
and Fuller, 2007). Fuller et al. (2006) reported that milk consumption doubled between
1996 and 2003 in households in the lowest 10 percent of the income distribution.

There are major differences in milk consumption and production between rural
and urban areas, as well as between regions. Milk consumption is much higher in
urban areas than in rural areas: for example, Fuller et al. (2005) reported that a “typi-
cal” rural resident consumed 2.5 kg of milk in 1990, compared with 7.5 kg for their
urban counterpart. In part this is because intensive production operations are more
common near large cities such as Beijing and Shanghai, thus increasing availability in
these urban areas (Yang, Macaulay and Shen, 2004). The apparently low level of milk
consumption in rural areas may also be the result of unrecorded home-consumption
of milk (Ma et al., 2004; Wang, Zhou and Shen, 2008).

Regional variations in production and consumption may be attributed in part
to historical differences and cultural preferences (Shono, Suzuki and Kaiser, 2000).
Approximately 85 percent of China’s milk is produced in northern China, which has
the best climate for dairying and greatest feed availability (Wang, Zhou and Shen,
2008). However, 60 percent of the human population live in the south of the country,
creating difficulties in matching supply and demand.

Source: APHCA, 2009; Dong and Fuller, 2007; Fuller et al., 2005; Fuller et al., 2006; Ma et al., 2004; Pei et al., 2011; Shono,
Suzuki and Kaiser. 2000: Wana and Li. 2008: Wana. Zhou and Shen. 2008: Yana. Macaulav and Shen. 2004.

(Figure 2.8). The increase is greatest in East and Southeast Asia and South Asia, and
is particularly marked in the case of butter and ghee: in 2007 South Asia accounted
for around 40 percent of total consumption of butter and ghee, up from less than
20 percent in 1987.
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FIGURE 2.8
Regional shares of total dairy consumption, 1987 and 2007
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2.2 DRIVERS OF INCREASING CONSUMPTION OF MILK

AND LIVESTOCK PRODUCTS
Levels of per capita consumption of dairy and other livestock products are deter-
mined by a number of factors, including economic factors such as income levels and
relative prices, demographic factors such as urbanization, and social and cultural
factors. Economic growth and rising incomes have been driving growing consump-
tion of livestock products in much of the developing world.

Indeed, dairy and other livestock products have a high income-elasticity of
demand, especially at low income levels (Table 2.3). This means that a small increase
in income leads to a large increase in expenditures on livestock products. Dairy
products, in particular, have higher income elasticities of demand than most other
food items, including meat and fish. In other words, as incomes increase, expendi-
tures on dairy products will grow more rapidly in percentage terms than most other
food items. Furthermore, the elasticities of demand for all food categories, including
dairy products, decline with rising income levels. Growth in consumption of dairy
products is therefore expected to react strongly to increases in income especially in
low- and middle-income countries.

This is also illustrated by plotting per capita income against per capita dietary
energy intake from dairy products across countries (Figure 2.9). However, the
significant dispersion in the observations around the trend line indicates that other
factors play a role in determining consumption levels.

Urbanization significantly affects patterns of consumption of livestock products.
In cities, people typically consume more food away from home and eat larger

R?/ztggzjincome elasticities for various food categories across 144 countries in 2005
Low-income Lower Middle-income High-income
countries middle-income countries countries
(N=28) countries (N=36) (N=44)
(N=36)
Food beverages and tobacco 0.81 0.77 0.70 0.54
Beverages and tobacco 1.73 1.13 0.92 0.67
Cereals 0.59 0.49 0.34 0.08
Meat 0.80 0.76 0.69 0.53
Dairy 0.83 0.79 0.72 0.55
Fish 0.69 0.64 0.56 0.42
Fats, oils 0.60 0.50 0.37 0.15
Fruits 0.66 0.60 0.51 0.36
Other foods 1.82 1.23 0.98 0.70

Note: The income elasticity estimates the percentage increase in expenditure on the food category resulting from a one
percent increase in income. The numbers reported are simple unweighted averages of estimates for the individual
countries included in each income group.

Source: Authors’ calculations based on data by the USDA Economic Research Service
(http://Awww.ers.usda.gov/data-products/commodity-and-food-elasticities.aspx).
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FIGURE 2.9
Per capita income and dietary energy intake from dairy, various countries, 2007
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amounts of precooked, fast and convenience foods (Rae, 1998; King, Tityen and
Vickner, 2000; Schmidhuber and Shetty, 2005). Rae (1998) found that urbaniza-
tion significantly increased demand for animal products in a sample of East Asian
economies, independently of income levels.

While purchasing power and urbanization explain much of the change in per
capita consumption, other factors — including social and cultural ones — can have
a large influence locally. For example, Brazil and Thailand have similar income per
capita and urbanization rates but per capita animal product consumption is roughly
twice as high in Brazil as in Thailand. Japan consumes significantly less livestock
products per capita than other countries at comparable income levels. In South Asia
per capita consumption of meat is lower than income alone would explain, largely
for religious and cultural reasons (Rae and Nayga, 2010).

Natural resource endowment also indirectly affects consumption, as it influences
the relative costs and prices of food commodities. Access to marine resources, on
the one hand, and to natural resources for livestock production, on the other, influ-
ence consumption trends in opposite directions. What may be perceived as lactose
intolerance limits milk consumption in Asia in particular (Dong, 2006).*

* See Chapter 4 for a further discussion.
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2.3 TRENDS IN MILK PRODUCTION PATTERNS

Developing country growth in demand for and consumption of milk has been
matched by increasing production. Growth in milk production in developing
countries has significantly outpaced that in developed countries since the 1980s
(Figure 2.10). Production fell sharply in the former centrally planned economies at

FIGURE 2.10
World milk production, 1961-2009 (million tonnes)
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FIGURE 2.11
Milk production in developing country regions, 1961-2009
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the beginning of the transition process in the early 1990s, while production in the
rest of the developed world has grown only slowly since then.

However, growth in milk production varies markedly between regions (Figure
2.11 and Table 2.4). Growth has been greatest in South Asia, which has seen con-
tinuous and sustained growth in production since the early 1970s. Today, India is
responsible for almost a third of developing country production and 16 percent of
global production. Production grew rapidly in East and Southeast Asia, primarily
China, between 2002 and 2007 but has since slowed.

Globally, cow milk accounts for 83 percent of global production and at least
80 percent of total production in all regions except South Asia, where its share is
less than half (42 percent) (Table 2.5) and sub-Saharan Africa, where it accounts for
three-quarters of production. In addition to cow milk, only buffalo milk makes a
substantial contribution at the global level accounting for 13 percent of global pro-
duction and 24 percent of developing country production. The contribution of milk
from goats (2.4 percent), sheep (1.4 percent) and camels (0.3 percent) is limited at
the global level and only slightly higher among the developing countries as a group.

TABLE 2.4
Milk production by region, 1990-2010
Milk
Million tonnes Annual growth (%)

Region 1990 2010 1990-2010
Developed countries 379.2 342.6 -0.5
Former centrally planned economies 145.6 101.2 -1.7
Other developed countries 234.6 261.1 0.5
Developing countries 163.1 380.5 4.1
East and Southeast Asia 10.6 47.6 7.4
China 6.8 41.2 8.9
Rest of East and Southeast Asia 3.8 6.4 2.6
Latin America and the Caribbean 41.4 79.8 3.2
Brazil 15.1 30.9 3.5
Rest of Latin America 26.3 48.9 3.0
South Asia 71.2 162.5 4.0
India 53.7 121.8 4.0
Rest of South Asia 17.5 40.7 4.1
Near East and North Africa 22.1 40.5 2.9
Sub-Saharan Africa 16.2 29.6 2.9
World 542.3 723.1 1.4

Source: FAOSTAT, 2012.



24 Milk and dairy products in human nutrition

BOX 2.2
Milk production increases in India but consumption remains low
and malnutrition remains high

The evolution of dairy production in India is widely regarded as a success story with small-
scale dairy farms as fundamental to the dairy agricultural system (FAO, 2009). Coinciding
with the fourfold increase in milk production between 1963 and 2003, the average herd
size decreased and the number of farms engaged in milk production increased by 40 percent
(FAO, 2009). Governmental programmes, namely “Operation Flood” has driven dairy agri-
culture. Unfortunately, the growth in production has not translated into increased access to
and consumption of dairy products by all strata of society.

Evaluating the nutritional impact of dairy production on the national population is not
easy. Economic growth has increased demand for food of animal origin, with dairy products
as the preferred choice in a population that is predominantly vegetarian (FAO, 2009; Gandhi
and Zhou, 2010). Among dairy products, liquid milk accounts for 93.7 percent of demand for
dairy products in rural areas and 88 percent in urban regions, followed by ghee (4.1 percent
in rural and 7.9 percent in urban areas) (Gandhi and Zhou, 2010). Milk consumption also var-
ies greatly between regions, from 146.2 litres per capita in Haryana and Punjab to 2.5 litres
per capita in Manipur (Gandhi and Zhou, 2010).

To what degree dairy production has affected nutritional status, particularly among poorer
and more vulnerable sectors of society, has not been explored, as figures for consumption of
own production are difficult to obtain. However, National Nutrition Monitoring Bureau (NNMB)
surveys between 1977 and 1996 showed little improvement in the nutritional status of children
in spite of the nation’s economic progress (Rao, Ladusingh and Pritamjit 2004). The National
Family Health Survey (2005-06) found that 46 percent of children less than five years old are
moderately to severely underweight, 19 percent are moderately to severely wasted and 38 per-
cent are moderately to severely stunted (IIPS and Macro International, 2007; Arnold et al.,
2009; Kanijilal et al., 2010). Stunting is 28 percent higher in rural areas than in urban areas, and
rural children are almost 40 percent more likely to be underweight than those in urban areas.
However, income poverty is not the only factor causing nutritional deficiencies, as these also
occur in economically better-off households. This suggests that weak nutrition education may
be an issue. Calcium intakes have decreased in spite of increases in dairy production and per
capita consumption (Venkaiah et al., 2002; Harinarayan et al., 2007; Puri et al., 2008; Wang
and Li, 2008). Malhotra and Mithal (2008) reported that osteoporotic fractures are becoming
increasingly prevalent in the Indian population.

Some studies point to both gender and economic inequality as underlying factors of mal-
nutrition. Sanwalka et al. (2010) reported that adolescents from lower economic groups had a
lower median calcium intake than those from higher income groups who consumed more dairy
products; girls from both economic groups had less access to dairy products than did boys.
Bhatia (2008) and the Indian Council of Medical Research (NIN, 2009) support this finding.

India has demonstrated success in boosting dairy production, but less so in increasing
per capita consumption. The challenge remains to ensure that the most vulnerable people in
society and all members of households benefit nutritionally from the increased availability of
dairy products (Renuka et al., 2009).

Source: Arnold et al., 2009; Bhatia, 2008; FAO, 2009; Gandhi and Zhou, 2010; Harinarayan et al., 2007; IIPS and Macro International,
2007; Kanjilal et al., 2010; Malhotra and Mithal, 2008; NIN, 2009; Puri et al., 2008; Rao, Ladusingh and Pritamjit 2004; Renuka et al.,
2009; Sanwalka et al., 2010; Venkaiah et al., 2002; Wang and Li, 2008.



TABLE 2.5

Volume and share of milk production from sheep, goats, cows, camels and buffalo, 2006-09 averages

Sheep Goat Cow Camel Buffalo Total
Amount Share Amount Share Amount Share Amount Share Amount Share Amount Share
Region (1000 ) (%) (1000 t) (%) (1000 ) (%) (1000 t) (%) (1000 ) (%) (1000 t) (%)
Developed 3209 0.9 2614 0.8 336 568 98.2 0 0.0 186 0.1 342 576 100
Formerly centrally 1123 1.1 853 0.8 99 259 98.0 1 0.0 13 0.0 101 248 100
planned economies
Industrialized 2245 0.9 1918 0.7 256 776 98.3 0 0.0 178 0.1 261117 100
Developing 6 883 1.8 14 753 3.9 264 258 69.4 2365 0.6 92 288 24.3 380 547 100
Eastand 1871 3.9 614 13 41 690 87.6 17 0.0 3394 7.1 47 586 100
Southeast Asia
China 1724 42 278 0.7 36 036 87.6 13 0.0 3100 7.5 41150 100
Rest of East and 147 2.3 336 5.2 5 654 87.9 4 0.1 294 46 6 435 100
Southeast Asia
Latin America and 41 0.1 589 07 79 152 99.2 0 0.0 0 0.0 79 782 100
the Caribbean
Brazil 0 0.0 148 0.5 30716 99.5 0 0.0 0 0.0 30 864 100
Rest of Latin
America and the 41 0.1 441 0.9 48 437 99.0 0 0.0 0 0.0 48918 100
Caribbean
South Asia 88 0.1 7908 49 68 761 423 0 0.0 85 779 52.8 162 535 100
India 0 0.0 4594 3.8 54 903 45.1 0 0.0 62 350 51.2 121 847 100
Rest of South Asia 88 0.2 3314 8.1 13 858 34.1 0 0.0 23429 57.6 40 688 100
Near East and 3054 7.5 1647 4.1 32 507 80.2 191 0.5 3109 7.7 40 508 100
North Africa
Sub-Saharan Africa 1661 5.6 3731 12.6 22 069 74.5 2152 7.3 0 0.0 29613 100
World 10 097 1.4 17 367 2.4 600 826 83.1 2 365 0.3 92 473 12.8 723 123 100

Source: FAOSTAT, 2012.
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Buffaloes are the most important source of milk in South Asia, accounting for
slightly more than half (53 percent) of total production. They make a substantial con-
tribution to total production also in East and Southeast Asia — especially China, where
their share reaches 7.5 percent — and the Near East and North Africa, where it stands
at 7.7 percent. Goat milk contributes only 2.4 percent of global milk production, but is
relatively significant in sub-Saharan Africa, with 12.6 percent of the total, and parts of
South Asia and East and Southeast Asia (excluding China). Sheep milk is important in
the Near East and North Africa, with 7.5 percent of production, somewhat less impor-
tant in sub-Saharan Africa (5.6 percent) and East and Southeast Asia (3.9 percent), but
of marginal importance in other regions. Camel milk makes a notable contribution to
production only in sub-Saharan Africa (7.3 percent), while its contribution is marginal
in the Near East and North Africa and negligible in the other regions.

2.4 EFFECTS OF TECHNOLOGICAL CHANGES ON MILK PRODUCTION
AND PROCESSING?

For the last 50 years, the dairy sector in most developed countries has shifted
towards larger herds and greater annual milk production per cow. The driving force
in this development has been the need to adopt technologies that require large capi-
tal investments and hence depend on larger herds to be profitable. At the same time,
more feed concentrates are being used to support the higher yields. However, aver-
age herd size varies widely between countries, ranging from 4-6 cows in Bulgaria,
Latvia and Lithuania and 10-12 cows in Austria and Croatia to 386 cows in New
Zealand in 2010. Annual milk production per cow in 2010 ranged from 3 951 kg per
cow in New Zealand to 11 667 kg in Israel (ICAR, 2012). This largely reflects dif-
ferences in production systems, especially in regard to the feeding of the cows, and
only to a minor extent different genetic potential of the animals. Feeding strategy
has a major impact on the production obtained. The system in New Zealand is based
on year-round grazing whereas in Israel the system is based on in barn feeding with
energy-rich complete mixed rations.

Most developing countries have adverse conditions for milk production in the
form of higher ambient temperature and/or humidity compared to countries with
a developed dairy sector. This implies a harsher environment for the dairy cattle
and in many cases a reduction in the expression of the full genetic potential of the
cows. It is possible for dairy cows to produce similar yields under tropical condi-
tions, but this requires efficient management and housing systems to protect against
the adverse climatic environment, a condition that is normally seen in particular in
large-scale production systems.

Most milk in developing countries is still produced in traditional small-scale
systems with little or no mechanization or technological innovations; in Kenya, for
example, the smallholder sector accounts for about 85 percent of total milk produc-
tion. The main constraint to increased milk production in the smallholder sector in
developing countries is poor animal management, particularly suboptimal feeding
with poor forage and low levels of concentrate supplementation. Therefore, there

> Based on Henriksen et al., 2009.
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BOX 2.3
The pathway from milk production to increased consumption in Kenya

Milk production has increased fourfold in Kenya since the 1970s. However, regional
variations are pronounced, and the highlands provide the best conditions for dairy
farming, including a favourable climate. Small-scale dairy farms account for 85 per-
cent of total milk production, and it is estimated that two million households are
involved in dairy farming (Staal, Pratt and Jabbar, 2008; FAO, 2009). Informal market-
ing via small-scale agents is the main channel of milk distribution. A smaller, but well-
organized, formal sector provides processed and packaged milk to urban consumers.
Consumption volume varies markedly between households depending on socio-
economic factors and location. Njarui et al. (2010), for example, reported that in 1999
rural “milk-purchasing” households consumed 19 litres of milk per capita annually,
rural “milk producing” households consumed 45 litres of milk per capita annually and
urban households consumed 125 litres of milk per person annually. In urban areas,
milk is rarely consumed by the poor and middle classes outside of the home because
of strong competition from other beverages such as soda (TIAPD, 2005). Within the
home, milk is consumed by all socio-economic strata; what differs is the type of milk.
Higher income groups consume more pasteurized milk than raw milk (TIAPD, 2005).
Fresh (“raw”) milk is generally preferred to ultra high temperature (UHT) and pasteur-
ized milk in coastal Kenya (Nicholson et al., 2003). The preference for raw milk is gen-
erally more marked in the rural regions but is also common in urban areas (SDP, 2004).
Dairy products such as cheese and ghee are consumed less frequently than milk, and
consumption levels are particularly low in poorer households (Njarui et al., 2010).

Source: FAO, 2009; Nicholson et al., 2003; Njarui et al., 2010; SDP, 2004; Staal, Pratt and Jabbar, 2008; TIAPD, 2005.

is a large potential for increasing milk yield in the smallholder sector by improving
feeding and increasing concentrate supplementation (Mlay, 2001; Madsen, Weisb-
jerg and Hvelplund, 2007). However, local research is needed to identify the specific
constraints on smallholder production systems and develop appropriate solutions as
many of the mechanical and technological solutions developed for large-scale dairy
farms are too costly or complex for smallholders to adopt.

The past 50 years have also seen major developments in the processing of milk.
Milk is perishable and deteriorates rapidly if left at ambient temperature. Hence the
major challenges have been to ensure delivery of healthy and safe dairy products of
a consistent quality to an ever increasing number of consumers, as well as to provide
farmers and industry with increased revenue from the milk delivered. Technological
development has played an important role in meeting these challenges, mainly by
providing the dairy industry with tools to reduce wastage, optimize production and
maximize utilization of milk constituents.®

® This and the following three paragraphs are based on Henriksen et al., 2009.
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Key developments in dairy processing include cold storage of raw milk
(which is probably the major single factor influencing the quality of raw milk),
pasteurization, UHT treatment and sterile packaging. Other significant techno-
logical developments include membrane filtration, developments in molecular
biology and molecular interactions and in enzyme technologies. Breakthroughs in
packaging also have been integral to developments in dairy technology. Dispos-
able packaging has become prevalent, and there has been a development towards
composite materials specifically designed for various products. Some packaging
technologies have helped extend the shelf-life of dairy products. In general, the
developments in packaging materials and systems have improved protection of
dairy products and helped promote the consumption of milk and dairy products
(Gorski-Berry, 1999).

Driving such technological development is a major research effort by both
academia and the private sector. There is now a thorough and detailed knowledge
of milk constituents and their behaviour during processing and storage of products
as well as a good grasp of the variations occurring and their importance. This,
along with the natural molecular organization of mammalian milk, has enabled the
dairy industry to preserve and manipulate milk constituents into an ever-increasing
diversity of products, with much local variation and tradition still intact.

The technological development and innovation have not, of course, pro-
ceeded at the same rate everywhere. However, the increased globalization of
the dairy industry as well as the concentration of the supply of ingredients or
dairy processing equipment in the hands of only a few companies has reduced
many regional differences. Dairy plants are developing along very similar lines
and emerging technologies or novel processing aids are being applied around
the world. Thus products with very similar characteristics are available in many
different countries. However, there are major differences in dairy plants. Dairy
processing plants in the developing world, with generally lower labour costs,
use much more manual labour in the packaging departments, and hence generate
much more employment.

2.5 TRENDS IN INTERNATIONAL TRADE IN LIVESTOCK PRODUCTS

Between 1961 and 2008, the relative share of livestock products (meat, dairy and
eggs) in global agricultural export value increased from 11 percent to 17 percent
(Figure 2.12). However, most of this trade was in meat products. In spite of the
growing importance of livestock products in international agricultural trade, trade
in crops still dwarfs that of livestock products.

Technological progress in processing and packaging has contributed to expan-
sion of trade in dairy products. Between 1980 and 2008, the volume of total dairy
exports (expressed in milk equivalents) more than doubled, from 41.7 million
tonnes in 1980 to 92.2 million tonnes in 2008. Also the share of dairy production
that entered international trade also increased, from 8.5 percent to 12.6 percent.
This reflects the increasing degree of openness of the sector to trade and was also
influenced by heavy use of export subsidies by developed countries. However, the
share of output that is traded internationally still remains relatively low because
dairy products are highly perishable and most dairy products are consumed within
the country of production (Table 2.6).
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FIGURE 2.12
Share of livestock products in global agricultural export value, 1961-2009
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TABLE 2.6
Global trade in dairy products, 1980-2008 (in milk equivalents)

Annual growth

World exports Share of total production H
e in exports
(Million tonnes) (Percent) (Percent)
Product 1980 2008 1980 2008 1980-2008
Dairy* 41.7 92.2 8.5 12.6 29

* Milk equivalent
Source: FAOSTAT, 2011.

Generally, geographic patterns of production and trade of dairy products have
been significantly affected by agricultural and other economic policies in both
developed and developing countries.

Typically, developed countries have tended to protect and subsidize agricul-
tural producers through various trade and agricultural policy instruments. Milk
has on average received the one of the highest levels of subsidies and protection
as measured by the nominal rate of assistance (NRA). NRA is an indicator that
measures the percentage by which government policies have raised gross returns
to farmers above what they would have been without government intervention.
However, between the beginning of the 1980s (1980-84) and the beginning of the
2000s (2000-2004) the level of subsidization of milk in the developing countries —
measured by the average NRA — has declined significantly as a result of widespread
agricultural policy reforms among the developed countries. However, the NRA for
milk remains positive and the third highest after rice and sugar (Anderson, 2009).

Developing countries also have tended to subsidize milk producers, although to a
much lesser extent than those in developed countries, and the level of subsidization
declined between 1980-84 and 2000-04 (Anderson, 2009).
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FIGURE 2.13
Net exports of dairy products from developed and developing countries, 1961-2008
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In spite of the subsidization of the sector, the developing countries as a group
are net importers of dairy products, and their dependency on imports has been
increasing (Figure 2.13), reflecting the higher degree of subsidization prevailing in
the developing countries. All major developing country regions are net importers of
dairy products in volume terms.

2.6 FUTURE TRENDS IN PRODUCTION AND CONSUMPTION
OF DAIRY PRODUCTS

The rapid growth of the livestock sector, including dairy, in large parts of the
developing world has been essentially demand-driven. The factors that have
encouraged growth in demand in developing countries — rising incomes, urbani-
zation and population growth — will continue to be important over the coming
decades. Population growth, although slowing, will continue. Urbanization is
considered unstoppable. Income growth is generally considered the strongest
driver of increased demand for dairy products. In the longer run growing incomes
will continue fuelling demand growth. The effect of economic growth on demand
for dairy and other livestock products depends on the rate of growth and where
it occurs. Demand is more responsive to income growth in low-income countries
than in higher-income countries. Overall the potential for expanding per capita
consumption remains vast in large parts of the developing world as rising incomes
translate into growing purchasing power (FAO, 2006) (Table 2.7). Growth in con-
sumption and production of dairy products is expected to remain strong although
slowing somewhat.
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TABLE 2.7
Average annual growth rates in production and consumption of milk and dairy products,
1991-2007 (actual), 2005/07-2030 and 2005/07-2050 (projections)

Production (%) Consumption (%)
1991- 2005/07- 2005/07- 1991- 2005/07- 2005/07-
Region 2007 2030 2050 2007 2030 2050
Developing countries 4.2 2.1 1.8 3.9 2.1 1.7
East Asia 9.5 2.2 1.5 7.9 2.2 1.5
Latin America and 33 17 13 2.6 15 11
Near Fast and 3.1 19 17 2.8 19 16
South Asia 41 23 2.0 4.1 23 2.0
Sub-Saharan Africa 3.5 2.4 2.3 3.5 2.5 23
Developed countries 0.0 0.5 0.3 -0.1 0.5 0.3
World 1.6 1.3 1.1 1.6 1.3 1.1

Source: FAO, 2012.

As in the past, the geographic distribution of production increases will largely
mirror that of consumption. Most future growth is expected to occur in developing
countries, especially East Asia, South Asia and sub-Saharan Africa.

Medium-term projections for the period 2012-21 (OECD-FAQ, 2012) appear in
line with the longer-term trends highlighted by Table 2.7. Although the price hikes
during the food-price crisis of 2007-08 and the ensuing economic crisis reduced
demand and illustrated the high price and income elasticity of demand for dairy
products, the Organisation for Economic Co-operation and Development (OECD)
and FAO project a return to steady consumption growth driven by growing popu-
lations, rising incomes and a growing popularity of dairy products in developing
countries. The strongest demand growth is expected in China and India.

According to OECD and FAO, the milk and dairy sector will remain one of the
fastest-growing agricultural subsectors over the coming decade in terms of produc-
tion, only exceeded by poultry meat and vegetable oils. They project global milk
production will expand at an annual rate of two percent over the 2012-21 period,
similar to that of the last decade (Table 2.8). Again, most of the expansion in output
is projected to occur in the developing countries. All developing country regions are
projected to see sustained growth in production, with the highest rates of growth in
sub-Saharan Africa and India. Growth in China is projected to slow as the industry
has matured. India is projected to consolidate its position as the world’s largest pro-
ducer, increasing its share of global production from 16.4 percent to 18.8 percent.
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TABLE 2.8
Estimated (2009-11) and projected (2021) milk production, and actual (2002-11) and projected
(2012-2021) rate of growth

Production Rate of growth
("000 tonnes) (%)
Average
2009-11 2021 2002-11 2012-21
Region est.
Developed countries 362 668 411 426 0.5 1.2
Developing countries 348 893 468 925 4.0 2.7
North Africa 11377 13 832 3.9 2.0
Sub-Saharan Africa 24 340 33 298 2.5 3.1
Latip America and the 80 260 102 838 2.9 21
Caribbean
Brazil 31210 38 440 3.4 1.8
Asia and the Pacific 232916 318 956 4.6 2.9
China 42773 60 432 10.0 2.5
India 118 815 165 632 4.1 34
World 711 561 880 350 2.1 2.0

Source: OECD-FAO, 2012.

2.7 EMERGING ISSUES AND CHALLENGES’

The rapid rise in aggregate consumption of meat and milk is propelled by increasing
numbers of people with rising incomes changing from primarily starch-based diets
to diets containing growing amounts of dairy products and meat. The underlying
forces driving this trend — primarily population and income growth and urbaniza-
tion — are set to continue, and the potential for increased demand remains vast in
large parts of the developing world. Consumption of moderate amounts of dairy
and other livestock products has important nutritional benefits, but the rapid
growth in production and consumption of livestock products also has a number of
possible harmful effects:

* The expansion of livestock production increases demand for feed, increasing
pressures on the land and water resources, in particular, and increases the
livestock sector’s impact on climate change through greenhouse gas (GHG)
emissions.

* The increasing number and concentration of animals in more intensive pro-
duction system increases contact between people and animals, increasing the
risk of spreading diseases and the passage of disease agents between animal
species and from livestock to humans.

» Intensification of livestock production may marginalize smallholders still
further, with serious social implications.

7 For further discussion of the issues highlighted in this section, see FAO, 2009.
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2.7.1 Impact on the environment

Dairy production systems are important and complex sources of GHG emissions,
notably of methane (CHy), nitrous oxide (N,O) and carbon dioxide (CO3). Accord-
ing to a global life cycle assessment in 2007 the dairy cattle sector emitted 1 969
million tonnes of CO; equivalent (CO;-eq), of which 1 328 million tonnes were
attributed to milk (FAO, 2010). Globally, milk production, processing and trans-
portation accounted for 2.7 percent of anthropogenic GHG emissions reported by
IPCC (2007) (FAO, 2010). CH4 emissions are by far the largest contributor, account-
ing for about 52 percent of the total from the sector, followed by N,O and then CO,.

Globally, emissions per unit of milk product are estimated at 2.4 kg CO;-eq
per kg of fat and protein-corrected milk (FPCM) at the farm gate (FAO, 2010).
However, values vary greatly between regions. Sub-Saharan Africa has the highest
emissions per unit, with an average of 7.5 kg CO;-eq per kg FPCM at the farm
gate, but, given the low level of production, in absolute terms its emissions remain
low. In the rest of the developing countries emissions per unit range from 3 to 5 kg
COs-eq per kg FPCM at the farm gate, while in Europe and North America the
corresponding values are 1-2 kg CO;-eq per kg FPCM at the farm gate.

One possible way to reduce GHG emissions from livestock is to raise pro-
ductivity through the introduction of production and management practices that
increase yields, e.g. increased and improved use of inputs such as feed and related
fertilizer use, genetic material, animal health inputs and energy. Extensive produc-
tion systems often have limited productivity, as a large share of feed is spent on the
animal’s maintenance rather than on producing products or services useful to peo-
ple. The result is inefficient use of resources and often high levels of environmental
damage per unit of output. Improvements in livestock productivity have been
shown to have resulted in local reduction in (direct) emission intensity — described
as CO;-eq per physical unit of output (European Commission, 2005; Capper, Cady
and Bauman, 2009).

While contributing to climate change, the livestock sector is also affected by
the degradation of ecosystems and climate change. Climate change will have far-
reaching consequences for animal production through its effects on forage and
range productivity, and on feed intake and feed conversion rates. The probability
of extreme weather events is also likely to increase. Some of the greatest impacts of
climate change are likely to be felt in grazing systems in arid and semi-arid areas,
particularly at low latitudes. In non-grazing systems, which are characterized
by the confinement of animals (often in climate-controlled buildings), the direct
impacts of climate change are likely to be less and mostly indirect, e.g. feed, energy
and water costs. Climate change is also expected to change the occurrence and
spread of vector-borne diseases and animal parasites, which will have a dispro-
portionately large impact on the most vulnerable men and women in the livestock
sector (FAQO, 2009).

Dairy production systems also contribute to other environmental issues, notably
water resource management, through withdrawals, modification of runoff and
release of pollutants. Dairy cattle require large amounts of bulky fibrous feed in
their diets. Dairy herds therefore need to be close to the source of their feed, more
than other forms of market-oriented livestock production. This provides good
opportunities for nutrient cycling, which is beneficial to the environment. However,
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excessive use of nitrogen fertilizer on dairy farms is one of the main causes of high
nitrate levels in surface water in OECD countries. Manure runoff and leaching from
large-scale dairy operations may also contaminate soil and water (FAO, 2009).

2.7.2 Impacts on animal and human health?

The increasing concentration of production and growth in trade are leading to new
challenges in the management of animal diseases. Animal diseases reduce production
and productivity, disrupt local and national economies, threaten human health and
exacerbate poverty. The most serious health threat is that of a human pandemic. The
economic threats from livestock diseases may be less dramatic, but may also exact
highs cost in terms of human welfare and pose significant livelihood risks for small-
holders. Humans, animals and their pathogens have coexisted for millennia, but
recent economic, institutional and environmental trends are creating new disease
risks and intensifying old ones. These risks are the result of a combination of rapid
structural change in the sector, geographic clustering of intensive livestock produc-
tion facilities near urban population centres and the movement of animals, people
and pathogens between intensive and traditional production systems. At the same
time, climate change is altering patterns of livestock disease incidence as pathogens
and the insects and other vectors that carry them enter new ecological zones.

Animal-health and food-safety systems are also confronted with new and addi-
tional challenges as a result of the lengthening and increasing complexity of supply
chains in the livestock sector, facilitated by globalization and trade liberalization.
Meanwhile, increasingly stringent food-safety and animal-health regulations and
private standards aimed at promoting consumer welfare are creating challenges for
producers, especially smallholders, who have less technical and financial capacity to
comply with them.

Many national institutions for disease control are obliged to respond to an
increasing number of crises instead of focusing on principles of prevention, progres-
sive disease containment, or elimination of a new emerging disease before it spreads.
Consequently, the economic impact of diseases and the cost of control measures
are high and increasing. In addition, sometimes necessary control measures such
as culling may severely affect the entire production sector, and may be devastating
for the poorest households for whom livestock forms a major asset and safety net.

2.7.3 Challenges for smallholder production and poverty alleviation
Livestock are important to the livelihoods of many poor people in rural areas.
Growing demand for livestock products and technological changes along the food
chain has spurred major changes in production systems. As a result, small-scale
mixed production systems are facing increased competition from large-scale spe-
cialized production units based on purchased inputs. These trends present major
competitive challenges for smallholders and have implications for the ability of the
sector to contribute to poverty reduction.

8 Based on FAO, 2009.
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Despite rapid structural change in parts of the sector, smallholders still dominate
production in many developing countries. Dairy production can contribute to
household livelihood, food security and nutrition. Strong demand for dairy prod-
ucts and increasingly complex processing and marketing systems offer significant
opportunities for growth and poverty reduction at every stage in the value chain.
However, these new market opportunities and livelihood options are accompanied
by rapidly changing patterns of competition, consumer preferences and market
standards, which may undermine the ability of smallholders to remain competi-
tive. They must therefore be carefully managed to ensure that smallholders, both
women and men, are in a position to exploit opportunities in this rapidly changing
sector. Policy reforms, institutional support and public and private investments are
urgently needed to assist those smallholders who can compete in the new markets;
to ease the transition of those who will exit the sector; and to protect the crucial
safety-net function performed by livestock for the most vulnerable households
(FAO, 2009).

Productivity growth in agriculture is central to economic growth, poverty reduc-
tion and food security. Decades of economic research have confirmed that agricul-
tural productivity growth has positive effects for the poor in three areas: lower food
prices for consumers; higher incomes for producers; and growth multiplier effects
through the rest of the economy as demand for other goods and services increases
(Alston er al., 2000). However, serious questions and policy challenges must be
addressed if the potential of the livestock sector to promote growth and reduce
poverty is to be met in a sustainable way.

2.7.4 Conclusion

In conclusion, the rapid growth of the livestock sector as a whole, and the dairy
sector in particular, in a setting of weak institutions and governance has given rise to
risks with potentially large negative implications for livelihoods, human and animal
health and the environment. To meet the challenges and constraints it faces, the sec-
tor requires renewed attention and investments from the agricultural research and
development community and robust institutional and governance mechanisms. The
future contribution of dairy and livestock products to human welfare will depend
also on how these issues are addressed.’

2.8 KEY MESSAGES

Over the past decades, per capita consumption of dairy products has grown rapidly
in many, but not all, developing countries while remaining almost stagnant in the
developed world. The gap in consumption levels between developed and many
developing countries has narrowed.

Although per capita dairy consumption has increased over the last two decades
in all regions except sub-Saharan Africa, there are large differences between devel-
oping regions in both consumption levels and consumption growth. Most of the
growth in consumption of dairy products in the developing world is attributable

9 For further discussion, see FAO, 2009.
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to a few regions (e.g. South Asia) or even to single large countries, notably Brazil.
China has recently experienced rapid growth in consumption of livestock products,
but per capita consumption levels remain relatively low. In sub-Saharan Africa per
capita consumption of dairy decreased in the last 20 years.

The most important driver of growth in consumption of dairy products in devel-
oping countries has been economic growth: the increase in per capita consumption
of dairy products (as well as other livestock products) in developing countries is
highly correlated with growth in per capita income. However, numerous other fac-
tors, including cultural preferences for certain livestock products, affect consump-
tion levels in individual countries.

The combination of rising level of per capita consumption and relatively high
population growth rates has resulted in a large increase in production in the
developing world and a shift in the balance of production across regions. In recent
decades, developing countries closed the gap with developed countries in milk
production, and India emerged as the largest milk producer.

The livestock sector has been affected by deep technological changes along
the food chain, both in developed countries and in many developing countries.
Technological change and productivity growth has been especially rapid in the
poultry, eggs, pork and dairy sectors. However, much of product of research and
development has not been generally available to or directly applicable to small-scale
producers in developing countries.

The reduction in transportation costs and the weakening of tariff barriers
boosted agricultural trade and in particular trade in livestock products: from 1961
to 2006, the relative share of meat, dairy and eggs in global agricultural exports
increased from 11 to 17 percent. The bulk of this is represented by meat, while
dairy products account for around six percent of agricultural exports. Most dairy
products are consumed domestically, and only about 13 percent enter international
trade, although the share has been increasing.

The growth of the livestock sector is expected to slow somewhat in the coming
decades as a number of factors behind the demand boom of the last 20 years begin
to fade. However, growth in consumption and production of dairy products is
expected to continue, especially in large parts of the developing countries where
consumption levels are still low.

Rapid growth and structural change in the livestock sector are leading to increas-
ing risks to the environment, human and animal health and of social exclusion. The
future contribution of dairy and the livestock sector in general will depend on how
these issues are addressed by governments and the international community.

DISCLOSURE STATEMENT
The authors declare that no financial or other conflict of interest exists in relation
to the content of the chapter.



Chapter 2 — Milk availability: Current production and demand and medium-term outlook 37

REFERENCES

Alston, J.M., Marra, M.C., Pardey, P.G. & Wyatt, T.]J. 2000. Research returns redux:
a meta-analysis of the returns to agricultural R&D. Aust. J. Agric. Res. Econ., 44(2):
185-215.

Anderson, K., ed. 2009. Distortions to agricultural incentives: a global perspective,
1955-2007. London, Palgrave Macmillan, and Washington, DC, World Bank.

APHCA. 2009. Smallbholder dairy development: lessons learned in Asia. RAP
publication 2009/02. Bangkok, Animal Production and Health Commission for Asia
and the Pacific, FAO Regional Office for Asia and the Pacific. Available at: http://
www.fao.org/docrep/011/10588¢e/10588e00.htm. Accessed 5 September 2012.

Arnold, E, Parasuraman, S., Arokiasamy, P. & Kothari, M. 2009. Nutrition
in India. National family health survey (NFHS-3), India, 2005-06. Mumbai, India,
International Institute for Population Sciences, and Calverton, MD, USA,

ICF Macro.

Bhatia, V. 2008. Dietary calcium intake — a critical reappraisal. Indian J. Med. Res.,
127(3): 269-273.

Capper, J.L., Cady, R.A. & Bauman, D.E. 2009. The environmental impact of dairy
production: 1944 compared with 2007. J. Anim. Sci., 87(6): 2160-2167.

Dong, F. 2006. The outlook for Asian dairy markets: The role of demographics,
income and prices. Food Policy, 31(3): 260-271.

Dong, F. & Fuller, EH. 2007. Changing diets in China’s cities: empirical fact or urban
legend? Working paper 06-WP 437. Ames, IA, USA, Center for Agricultural and
Rural Development, Iowa State University.

European Commission. 2005. Second European Climate Change Programme (ECCP
IT). Brussels. Available at: http://ec.europa.eu/clima/policies/eccp/second/index_
en.htm. Accessed 12 September 2012.

FAO. 2006. World agriculture: towards 2030/2050. Prospects for food, nutrition,
agriculture and major commodity groups. Interim report. Global Perspective Studies
Unit, FAO, Rome, June 2006.

FAO. 2009. The state of food and agriculture 2009: livestock in the balance. FAO,
Rome. Available at: http://www.fao.org/docrep/012/10680e/i10680e00.htm. Accessed
12 September 2012.

FAO. 2010. Greenhouse gas emissions from the dairy sector: a life cycle assessment.
Rome. Available at: www.fao.org/docrep/012/k7930e/k7930e00.pdf. Accessed 12
September 2012.

FAO. 2012. World agriculture towards 2030/50. The 2012 revision, by N. Alexandratos
& J. Bruinsma. ESA Working Paper No.12-03. Rome.

FAOSTAT. 2011. FAO statistical database. Available at: http://faostat.fao.org/.
Accessed 30 June 2011.

FAOSTAT. 2012. FAO statistical database. Available at: http://faostat.fao.org/.
Accessed 12 September 2012.

Fuller, EH., Huang, J., Ma, H. & Rozelle, S. 2005. The rapid rise of China’s dairy
sector: factors bebind the growth in demand and supply. Working paper 05-WO
394. Ames, IA, USA, Center for Agricultural and Rural Development, Iowa State
University.

Fuller, E, Huang, J., Ma, H. & Rozelle, S. 2006. Got milk? The rapid rise of China’s
dairy sector and its future prospects. Food Policy, 31(3): 201-215.



38

Milk and dairy products in human nutrition

Gandhi, V.P. & Zhou, Z. 2010. Rising demand for livestock products in India: nature,
patterns and implications. Australas. Agribus. Rev., 18: Paper 7: 103-135.

Gorski-Berry, D.M. 1999. Wrapping it all up — the value of packaging. /. Dairy Sci.,
82(10): 2257-2258.

Harinarayan, C.V., Ramalakshmi, T., Prasad, U.V., Sudhakar, D., Srinivasarao, P.,
Sarma, K. & Kumar, E.G. 2007. High prevalence of low dietary calcium,
high phytate consumption, and vitamin D deficiency in healthy south Indians.

Am. J. Clin. Nutr., 85(4): 1062-1067.

Henriksen, J., Serensen, M.K., Hvelplund, T., Weisbjerg, M., Permin, A., Ipsen, R.
& Rerbech, N. 2009. Technological change and its impact on dairy development.
Unpublished background paper prepared for FAO, Rome.

IIPS & Macro International. 2007. National family health survey (NFHS-3),
2005-2006: India: Volume II. IIPS, Mumbai, India, International Institute for
Population Sciences.

ICAR. 2012. Yearly enquiry on the situation of cow milk recording in ICAR
member countries. Results for 2010-11. International Committee for Animal
Recording. Available at http://www.icar.org/pages/yearly_enquiry.htm. Accessed
12 October 2012.

IPCC. 2007. Climate change 2007: IPCC Fourth assessment report. Cambridge, UK,
Cambridge University Press.

Kanjilal, B., Mazumdar, P.G., Mukherjee, M. & Rahman, M.H. 2010. Nutritional
status of children in India: household socio-economic condition as the contextual
determinant. Int. J. Equity Health, 9(1): 19.

King, B.S., Tietyen, J.L. & Vickner, S.S. 2000. Food and agriculture: consumer trends
and opportunities. Dairy. Lexington, KY, USA, College of Agriculture, University
of Kentucky.

Ma, H., Rae, A., Huang, J. & Rozelle, S. 2004. Chinese animal product consumption
in the 1990s. Aust. J. Agr. Resonr. Ec., 48(4): 569-590.

Malhotra, N. & Mithal, A. 2008. Osteoporosis in Indians. Indian J. Med. Res., 127(3):
263-268.

Madsen, J., Weisbjerg, M. & Hvelplund, T. 2007. The effect of composition
of concentrate fed in an AMS system on feed intake and milking frequency
in dairy cows. In Q.X. Meng, L.P. Ren and Z.]. Cao, eds. Proceedings of the
7th International Symposium on the Nutrition of Herbivores. Beijing, China
Agricultural University Press.

Mlay, P.N.S. 2001. Enhancement of smallholder dairy production under tropical
conditions through supplementation to optimize roughage intake, digestibility and
microbial protein synthesis. Frederiksberg, Denmark, Department of Animal Science
and Animal Health, The Royal Veterinary and Agricultural University. (PhD thesis)

Nicholson, C.F, Mwangi, L., Staal, S.]J. & Thornton, P.K. 2003. Dairy cow ownership
and child nutritional status in Kenya. Paper presented at the 2003 American
Agricultural Economics Association (AAEA) annual meetings, Montréal, Québec,
Canada. Available at: ageconsearch.umn.edu/bitstream/22154/1/sp03ni01.pdf.
Accessed 12 September 2012.

NIN. 2009. Nutrient requirements and recommended dietary allowances for Indians.
A report of the expert group of the Indian Council of Medical Research. Hyderabad,
India, National Institute of Nutrition.



Chapter 2 — Milk availability: Current production and demand and medium-term outlook

39

Njarui, D.M.G, Gatheru, M., Wambua, J.M., Nguluu, S.N., Mwangi, D.M. & Keya,
G.A. 2010. Consumption frequency and levels of milk and milk products in semi-
arid region of Eastern Kenya. In Proceedings of the 12th Kenya Agricultural Research
Institute Biennial Scientific Conference 2010. Theme: Transforming agriculture for
improved livelihoods through agricultural product value chains. Nairobi, Kenya
Agricultural Research Institute. Available at: https://docs.google.com. Accessed
12 September 2012.

OECD-FAO. 2012. OECD-FAO agricultural ontlook: 2012-2021. Organisation
for Economic Cooperation and Development and the Food and Agricultural
Organization.

Pei, X., Tandon, A., Alldrick, A., Giorgi, L., Huang, W. & Yang, R. 2011. The China
melamine milk scandal and its implications for food safety regulation. Food Policy,
36(3): 412-420.

Puri, S., Marwaha, R.K., Agarwal, N., Tandon, N., Agarwal, R., Grewal, K., Reddy,
D.H.K. & Singh, S. 2008. Vitamin D status of apparently healthy schoolgirls from
two different socioeconomic strata in Delhi: relation to nutrition and lifestyle. Briz.
J. Nutr., 99: 876-82.

Rae, A.N. 1998. The effects of expenditure growth and urbanisation on food
consumption in East Asia: a note on animal products. Agric. Econ., 18(3): 291-299.

Rae, A.N. & Nayga, R. 2010. Trends in consumption, production, and trade in
livestock and livestock products. Iz H. Steinfeld, H.A. Mooney, F. Schneider & L.
Neville, eds. Livestock in a changing landscape. Volume 1: Drivers, consequences,
and responses, pp. 11-33. Washington, DC, Island Press.

Rao, G.R., Ladusingh, L. & Pritamjit, R. 2004. Nutritional status of children in
north-east India. Asia-Pa. Popul. J. (English edition) 19(3): 39-56.

Renuka, N., Sathian, C.T., Sujatha, S. & Deepa, S. 2009. Impact of family income on
consumption of livestock products at Kalpetta, Kerala. Ver. World, 2(8): 323-324.

Sanwalka, N.J., Khadilkar, A.V., Mughal, M.Z., Sayyad, M.G., Khadilkar, V.V,
Shirole, S.C., Divate, U.P. & Bhandari, D.R. 2010. A study of calcium intake and
sources of calcium in adolescent boys and girls from two socio-economic strata in
Pune, India. Asia Pac. J. Clin. Nutr., 19(3): 324-329.

Schmidhuber, J. & Shetty, P. 2005. The nutrition transition to 2030. Why developing
countries are likely to bear the major burden. Food Economics — Acta Agricult.
Scand., Section C, 2(3—4): 150-166.

Shono, C., Suzuki, N. & Kaiser, H.M. 2000. Will China’s diet follow Western diets?
Agribusiness, 16(3): 271-279.

SDP. 2004. The demand for dairy products in Kenya. SDP Policy Brief 1. Nairobi,
Smallholder Dairy (R&D) Project.

Staal, S.J., Pratt, A.N. & Jabbar, M. 2008. Dairy development for the resource poor.

A comparison of dairy policies and development in South Asia and East Africa.
Pro-poor Livestock Policy Initiative (PPLPI), Working paper no. 44-1. Available
at: http://www.fao.org/ag/againfo/programmes/en/pplpi/workingpapers.html.
Accessed 12 September 2012.

TIAPD. 2005. Consumption patterns of dairy products in Kenya’s urban centres. Report
from an urban housebold survey. Working Paper 18. Nairobi, Tegemeo Institute of
Agricultural Policy and Development.



40

Milk and dairy products in human nutrition

Venkaiah, K., Damayanti, K., Nayak, M.U. & Vijayaraghavan, K. 2002. Diet and
nutritional status of rural adolescents in India. Eur. J. Clin. Nutr., 56(11): 1119-1125.

Wang, Y. & Li., S. 2008. Worldwide trends in dairy production and consumption and
calcium intake. Is promoting consumption of dairy products a sustainable solution
for inadequate calcium intake? Food Nutr. Bull., 29(3): 172-185.

Wang, J., Zhou, Z. & Shen, Q. 2008. Who is going to supply the milk to China’s
south? China and World Economy, 16(4): 94-109.

Yang, J., Macaulay, T.G. & Shen, W. 2004. The dairy industry in China: an analysis of
supply, demand and policy issues. Contributed paper presented to the 48th Annual
Conference of the Australian Agricultural and Resource Economics Society, 11-13
February 2004, Melbourne, Victoria. Available at: http://s3.amazonaws.com/zanran_
storage/www.aares.info/ContentPages/44136556.pdf. Accessed 12 September 2012.



Chapter 3
Milk and dairy product
composition

Ramani Wijesinha-Bettoni' and Barbara Burlingame?

INutrition Consultant, Nutrition Division, Food and Agriculture Organization
of the United Nations (FAO), Rome, Italy; 2Deputy Director, Nutrition Division,
FAO, Rome, Italy

ABSTRACT

The first section of this chapter provides detailed information on the composition of
animal milks used for human consumption, including milk from both major dairy
species (cow, buffalo, goat and sheep) and minor species (yak, mithun, musk ox,
mare, donkey, dromedary and Bactrian camels, llama, alpaca, reindeer and moose).
Macro- and micronutrient contents of milks are given for the various species, min-
eral and vitamin contents in the milks are compared with the recommended nutrient
intakes for children between one and three years old and those suitable for children
who are allergic to cow milk are noted. Nutritional claims that would be permitted
according to the CODEX Guide to Food Labelling are considered for the various
milks. Interspecies differences in protein, fat and lactose contents are highlighted.
The contribution of milk to dietary energy, protein and fat in various regions of the
world is considered. The effects of feeding and lactation state on milk composition
are considered.

The second part of the chapter presents less-detailed information on the compo-
sition of treated liquid milks and dairy products, including fermented milk prod-
ucts, cheese, butter and ghee, cream and whey products. The current definitions
according to the FAO Classifications of Commodities/CODEX are given, together
with the impact of processing on nutrient profiles. Finally, milk products from milk
from underutilized species are presented.

3.1 INTRODUCTION

Domestication of animals for livestock has played a key role in the development
of human civilizations. The cow!® has now become the main dairy animal associ-
ated with milk, with the term “milk” being almost synonymous with cow milk in
most people’s minds. However, milk from a range of other animal species is also
consumed and will therefore be covered in this chapter.

19 Here “cow” refers to the female of Bos taurus and Bos indicus species.
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The demand for milk in developing countries is expected to increase by 25 percent
by 2025 (FAO, 2008a). Small-scale livestock holders supply the vast majority of this
milk, and dairy animals provide household food security and a means of fast returns
for them. About 180-200 million people belong to pastoral societies that raise livestock
using natural rangelands as the main forage (Degen, 2007). These rangelands are in
deserts, mountains and steppes — land that cannot be cultivated or used for agricultural
purposes — and cover almost 25 percent of the world’s land surface (Degen, 2007).
Pastoralists traditionally keep more than one species of livestock in order to make
the most of the rangelands, as some species are mainly grazers (e.g. sheep and cattle),
while others are better browsers (e.g. goats and camels). Diversifying in this manner
also reduces risk from disease or extreme environmental conditions (Degen, 2007).

The majority of papers published on milk composition relate to fat and fatty acid
(FA) profiles. Milk protein is also well covered, total protein content being one of
main quality criteria applied to milk payment to producers in many countries where
milk is priced according to composition (others being fat and solids-non-fat) (FAO,
2004). The literature mainly deals with cow milk, followed by goat and sheep milks;
buffalo milk is poorly represented, given that globally buffalo milk production
is second only to cow milk. The composition of milk from minor dairy animals
(animals other than cows, buffalo, goats and sheep, which contribute 0.2 percent of
world milk production) has so far received little research attention. This is unfor-
tunate, as some of them (donkey, reindeer, yak, Bactrian camel, moose, musk ox,
llama, alpaca and mithun) are underutilized, that is, “species with underexploited
potential for contributing to food security, health and nutrition, income generation
and environmental services” (FAO, 2008b).

Knowledge of differences in nutrients in milk from various species facilitates
development of products for consumers with specific needs, e.g. substitutes for
cow milk for people with cow milk allergy (Park and Haenlein, 2006; Suutari et al.,
2006), and milks formulated for the rehabilitation of malnourished individuals and
other nutritionally vulnerable groups.

In the future, the composition of milk could be tailored to meet demand within
each national economy: for example, the American and Canadian markets have an
oversupply of lactose, which is disposed of for minimal returns, while the British
market has an unmet demand for fat and an oversupply of protein (Karatzas and
Turner, 1997). Specific industrial demands could also be met, such as milk with a
high casein content for the cheese industry.

There are difficulties associated with using the available literature to draw
meaningful conclusions about the milk composition of different species because few
studies provide detailed information on management, season, feed etc — factors that
affect milk composition (see Section 3.2.3 Factors affecting milk composition). The
multiplicity and variation in analytical methods (e.g. for assessing protein, fat and
carbohydrate contents) can also lead to differences in results. The testing methods
can also vary: some are actual research studies under controlled conditions, while
others analyse data gathered from records.

In this chapter we examine the composition of milks consumed by humans that
are produced by both major and minor dairy animals. The second part of the chap-
ter focuses on current FAO definitions and classifications of milk products, together
with the impact of processing on nutrient profiles. FAOSTAT definitions are given
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where available, with CODEX definitions given only where FAOSTAT definitions
are not available or where additional information is needed. A few case studies are
included in order to highlight particular products.

3.2 MILK COMPOSITION

3.2.1 The role of milk as a source of macronutrients

Milk is a major source of dietary energy, protein and fat, contributing on average
134 kcal of energy/capita per day, 8 g of protein/capita per day and 7.3 g of fat/capita
per day in 2009'! (FAOSTAT, 2012). However, when different geographic regions
are considered, the contribution from milk to the various nutritional components
varies considerably (Figure 3.1): milk provides only 3 percent of dietary energy
supply in Asia and Africa compared with 8-9 percent in Europe and Oceania;
6-7 percent of dietary protein supply in Asia and Africa compared with 19 percent
in Europe; and 6-8 percent of dietary fat supply in Asia and Africa, compared with
11-14 percent in Europe, Oceania and Americas.

Water is the main component in all milks, ranging from an average of 68 percent
in reindeer milk to 91 percent in donkey milk. The main carbohydrate is lactose,
which is involved in the intestinal absorption of calcium, magnesium and phos-
phorus, and the utilization of vitamin D (Campbell and Marshall, 1975, cited in
Park et al., 2007). Lactose also provides a ready source of energy for the neonate,

FIGURE 3.1
Milk as a source of dietary energy, protein and fat in Europe, Oceania, the Americas,
Asia and Africa, 2009
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Source: Calculated from data for milk (excluding butter), 2009, from FAOSTAT (http://faostat.fao.org) Europe includes
northern, southern, western and eastern Europe; Oceania includes Australia and New Zealand, Melanesia, Micronesia
and Polynesia; Americas include northern, South and Central America and the Caribbean; Africa includes eastern, middle,
northern, southern and western Africa; Asia includes central, eastern, southern, southeastern and western Asia.

1 «Milk-excluding butter”. The most recent food supply data currently available on FAOSTAT are for
2009.
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providing 30 percent of the energy in bovine milk, nearly 40 percent in human milk
and 53-66 percent in equine milks (Fox, 2008).

3.2.2 Composition of milks consumed by humans

The proximate compositions of cow, buffalo, goat and sheep milks are given in
Table 3.1, while the mineral and vitamin contents of these milks are presented in
Table 3.2. Values for human milk have been included in these tables for comparison.
Tables 3.3, 3.4 and 3.5 show the proximate composition and mineral and vitamin
contents of milk from minor dairy animals. The differences in protein, fat and
lactose contents between milks from different species are illustrated in Figure 3.2.

FIGURE 3.2
Protein, fat and lactose contents of milks from different species
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TABLE 3.1
Proximate composition

of human, cow, buffalo, goat and sheep milks (per 100 g of milk)*

Human Buffalo Sheep
Proximates

Average Average Range Average Range Average Range Average Range
Energy (kJ) 291 262 247-274 412 296-495 270 243-289 420 388-451
Energy (kcal) 70 62 59-66 99 71-118 66 58-74 100 93-108
Water (g) 87.5 87.8 87.3-88.1 83.2 82.3-84.0 87.7 86.4-89.0 82.1 80.7-83.0
Total protein (g) 1.0 33 3.2-34 4.0 2.7-4.6 34 2.9-3.8 5.6 5.4-6.0
Total fat (g) 44 33 3.1-3.3 7.5 5.3-9.0 3.9 3.3-4.5 6.4 5.8-7.0
Lactose (g) 6.9 4.7 4.5-5.1 44 3.2-4.9 44 4.2-4.5 5.1 45-5.4
Ash 0.2 0.7 0.7-0.7 0.8 0.7-0.8 0.8 0.8-0.8 0.9 0.9-1.0

* Values for human milk (mature, fluid) are from USDA (USDA, 2009), food code 01107. The values for cow, goat and sheep milks were calculated using values where available in the following food
composition tables: USDA: cow — food code 01211 “Milk, whole, 3.25 percent milk fat, without added vitamin A and vitamin D”; goat - 01106 “Milk, goat, fluid, with added vitamin D”; sheep - food
code 01109 “Milk, sheep, fluid” (USDA, 2009); FSA (2002): cow - food code 12-316 “Whole milk, pasteurized, average (average of summer and winter milk)”; goat — 12-328 “Goats milk, pasteurized”;
sheep — food code 12-329 “Sheeps milk, raw” (FSA, 2002); Danish Food Composition Databank: cow — food code 0156 “Milk, whole, conventional (not organic), 3.5 percent fat”; goat — 0516 “Goat
milk” (NFI, 2009); New Zealand food composition tables: cow - food code F1028 “Whole milk, pasteurized, average (average of summer and winter milk)”; goat — 12-328 “Goats milk, pasteurized”;
sheep - food code F52 “Sheeps’ milk, raw"” (Esperance et al., 2009); Columbian food composition table: cow - food code G101 “Milk, whole, crude (leche, entera, cruda)”; goat — G086 “goat milk,
whole, crude (leche de cabra, entera cruda)” (FAO/LATINFOODS, 2009); Argentinian food composition table: sheep — food code G087 “milk, of sheep, whole, fresh (leche, de oveja, entera, fresca)”
(FAO/LATINFOODS, 2009). The number of data points varied.

Values for buffalo milk were obtained from Medhammar et al., 2011.
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TABLE 3.2
Vitamin and mineral composition of human, cow, buffalo, goat and sheep milks (per 100 g of milk)*

14

Human Cow Buffalo Goat Sheep Daily RNI'
for children,
Average Average Range Average Range Average Range Average Range 1-3 yr
Minerals
Calcium (mg) 32 112 91-120 191 147-220 118 100-134 190 170-207 500 mg
5mg (12%
Iron (mg) Tr 0.1 Tr-0.2 0.2 0.3 Tr-0.6 0.1 Tr-0.1 bioavailability)
Magnesium (mg) 3 11 10-11 12 2-16 14 13-14 18 60 mg
Phosphorus (mg) 14 91 84-95 185 102-293 100.4 90-111 144 123-158
Potassium (mg) 51 145 132-155 112 202 170-228 148 120-187
Sodium (mg) 17 42 38-45 47 44 32-50 39 30-44
4.1 mg
Zinc (mg) 0.2 0.4 0.3-0.4 0.5 0.3 0.1-0.5 0.6 0.5-0.7 (Moderate
bioavailability)
Copper (mg) 0.1 Tr Tr-Tr Tr Tr-0.1 0.1 0.1-0.1
Selenium (pg) 1.8 1.8 1.0-3.7 1.1 0.7-1.4 1.7 17 pg
Manganese (ug) 8 4-10 18 Tr-18 18 Tr-18
Vitamins
Retinol (pg) 60 35 29-45 69 45 35-56 64 44-83
Carotene (ug) 7 16 7-23 13 Tr-182 Tr
Mean
Vitamin A (ug RE) 61 37 30-46 69 48 30-74 64 requirement:
400 pg RE
Vitamin E (mg) 0.08 0.08 0.07-0.08 0.19 0.19-2.0 0.05 0.03-0.07 0.11 0.11-0.11
Thiamin (mg) 0.01 0.04 0.02-0.04 0.05 0.06 0.03-0.09 0.07 0.07-0.08 0.5 mg
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TABLE 3.2 (continued)

Human Cow Buffalo Goat Sheep Daily RNI'
for children,
Average Average Range Average Range Average Range Average Range 1-3 yr
Vitamins
Riboflavin (mg) 0.0 0.20 0.17-0.20 0 0.13 0.04-0.18 0.3 0.32-0.36 0
(vit B,) .04 . .17-0. .1 A .04-0.1 .34 .32-0. .5 mg
Niacin (mg) 0.18 0.13 0.09-0.20 0.17 0.24 0.10-0.30 0.41 0.40-0.42 6* mg
Niacin equivalent 0.79 0.70-0.80 1.00 1.00-1.00
(mg)
Pantothenic acid (mg) 0.22 0.43 0.34-0.58 0.15 0.30 0.31-0.41 0.43 0.41-0.45 2.0 mg
Vitamin Bg (mg) 0.04 0.03-0.06 0.33 0.05 0.05-0.06 0.07 0.06-0.08 0.5 mg
Folate (ug) 5.0 8.5 5.0-8.0 0.6 1.0 Tr-1.0 6.0 5.0-7.0 150 pg
Biotin (ug) 2.0 1.4-2.5 13.0 25 2.0-3.0 25 2.5-2.5 8.0 ug
Vitamin B3 (ug) 0.05 0.51 0.25-0.90 0.40 0.07 0.04-0.10 0.66 0.60-0.71 0.9 ug
Vitamin C (mg) 5.0 1.0 0.0-2.0 2.5 1.1 1.0-1.3 4.6 4.2-5.0 30 mg
Vitamin D (pg) 0.1 0.2 0.1-0.3 0.1 0.1-0.1 0.2 0.2-0.2 5 ug

* The number of data points varied. Blank spaces indicate that no data were available. See Table 3.1 footnote for data sources.
" Recommended nutrient intake values from FAO and WHO, 2002.

2 Although some papers, e.g. Park et al. (2007), say that goats convert all B-carotene to vitamin A, resulting in caprine milk being whiter than bovine milk, some of the above databases reported

values for B-carotene in goat milk.
RE: retinol equivalents in pg = pg retinol + 1/6 ug B-carotene + 1/12 ug other provitamin A carotenoids; Tr: traces.
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TABLE 3.3
Proximate composition of milk from minor dairy animals (average and range, per 100 g of milk)
Yak Mare Donkey Dromedary Bactrian Mithun Musk ox Llama Alpaca Reindeer Moose
camel camel
199 156 234 319 510 326 299 819 538
Energy, Average 417 (100) 356 (85)
calculated* (48) (37) (56) (76) (122) (78) (71) (196) (129)
‘(’Ifc':f; k) Range 335-557  171-295  135-215 185-332 458-575 258-358  237-351  525-1079
9 (80-133) (41-71) (32-51) (44-79) (110-138) (62-86) (57-84)  (126-258)
Energy, Average 368 (89) 193 (46) 210 (50) 392 (94) 880 (209)
reported
value, kJ Rande 349-382 177-210 388-396 680-1139
(kcal) 9 (87-91) (42-50) (93-95) (162-272)
Water Average 82.6° 89.8° 90.8° 89.0° 84.8 78.6 83.6 84.8 83.7 67.9¢ 76.8
@ Range 75.3-84.4 87.9-91.3 89.2-91.5  88.7-89.4 77.4-79.7 83.7-86.9 83.2-84.2 61.9-76.3  74.3-79.2
Total Average 5.2P 2.0¢ 1.6 3.1d 3.9 6.5 5.3 4.1 5.8 10.4¢ 10.5
protein
(9) Range 4.2-59 1.4-3.2 1.4-1.8 2.4-4.2 3.6-4.3 6.1-6.8 3.4-43 3.9-6.9 7.5-13.0 7.8-14.4
a b,e b e c
Total fat Average 6.8 1.6 0.7 3.2 5.0 8.9 5.4 4.2 3.2 16.1 8.6
@ Range 5.6-9.5 0.5-4.2 0.3-1.8 2.0-6.0 4.3-5.7 7.7-10.3 2.7-4.7 26-3.8  10.2-215  7.0-10.0
Average 4.8 6.6° 6.4° 432 4.2 4.4 4.1 6.3 5.1 2.9¢ 2.6
Lactose
@ Range 3.3-6.2 5.6-7.2 5.9-6.9 3.5-4.9 4.1-4.6 5.9-6.5 4.4-5.6 1.2-3.7 0.6-3.6
Ash Average 0.8 0.4° 0.4° 0.8 0.9 0.9 1.6 0.7 1.6 1.5¢ 1.6
@ Range 0.4-1.0 0.3-0.5 0.3-0.4 0.6-0.9 1.4-1.7 1.2-2.7 1.5-1.6

* Values were obtained from Medhammar et al., 2011. Blank spaces indicate that no data were available.

The table includes the results of the statistical analysis for buffalo, yak, mare, donkey, dromedary camel and reindeer milks; the other milks did not have enough data points to include them in this
analysis. Values in a row with different superscripts are significantly different (P < 0.05).
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TABLE 3.4

Mineral composition in milk from minor dairy animals (per 100 g of milk)

Yak Mare Donkey Dromedary Bactrian Mithun Llama Reindeer Moose Daily RNI*
Camel Camel for children,
1-3yr
Average 129 95 91 114 153.7 88 195 320 280 500 mg
Calcium (mg)
Range 119 -134 76-124 68-115 105-120 152.3-155 170-220 156-358
ron (ma) Average 0.6 0.1 0.2 0.3 5 mg (12%
9 bioavailability)
Range 0.2-1.0 Tr-0.2 0.2-0.3
Magnesium Average 10 7 4 13 8 15 19 23 60 mg
(mg) Range 8-12 4-12 12-14 19-26
Average 106 58 61 86 132 147 122 270 276
Phosphorus
(mg) Range 77-135 43-83 49 -73 83-90 117-146
Average 95 51 50 151 186 120 156 111
Potassium (mg)
Range 83-107 25-87 124-173 181-191 82-150
Average 29 16 22 66 66 27 48 78
Sodium (mg)
Range 21-38 13-20 59-73 61-72 46 -50 37-158
Average 0.9 0.2 0.6 0.7 1.1 0.6 4.1 mg
Zinc (mg) (Moderate
Range 0.7-1.1 0.2-0.3 0.4-0.6 bioavailability)
Average 0.4 0.1 0.2 0.3
Copper (mg)
Range Tr-0.1 0.1-0.2
Selenium (ug) Average 1" 17 ug
Average 106 1
Manganese (ug)
Range 60-180

Values were obtained from Medhammar et al., 2011. Blank spaces indicate that no data were available.

* Recommended nutrient intake values from FAO and WHO, 2002.

Tr:traces.
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TABLE 3.5
Vitamin content in milk from minor dairy animals (per 100 g of milk)
. Daily RNI*
Dromedary Bactrian q
Mare Donkey e o] for children,
1-3 yr)
Mean
Vitamin A (ug) RE Average 97 requirement:
400 pg RE
Vitamin E (mg)
(alpha-tocopherol) Average 0.15
Average 0.03 0.06 0.01 0.5 mg
Thiamin (mg)
Range 0.02-0.04
Average 0.02 0.03 0.06 0.12 0.5 mg
Riboflavin (mg)
Range 0.01-0.03
Niacin (mg) Average 0.07 0.09 6* mg
Pantothenic acid
(mg) Average 2.0 mg
Vitamin Bg (mg) Average 0.05 0.5 mg
Folate (pg) Average 150 pg
Biotin (pg) Average 8.0 ug
Vitamin Bq; (ug) Average 0.9 ug
Average 4.3 3.8 3.0 30 mg
Vitamin C (mg)
Range 1.7-8.1 2.5-18.4
Vitamin D (ug) Average 1.6 5 ug

Values were obtained from Medhammar et al., 2011. Blank spaces indicate that no data were available.
* Recommended Nutrient Intake values from “Human vitamin and mineral requirements”

(FAO and WHO, 2002).
RE: retinol equivalents in pg = pg retinol + 1/6 pg B-carotene + 1/12 pg other provitamin A carotenoids.

Cow milk
Traditionally, two cattle species have been recognized, Bos taurus (humpless cattle)
and Bos indicus (zebu cattle), although there is no reproductive barrier between
them. Some listings identify as many as 1 000 cattle breeds, even though some of
these are actually local varieties of a breed (Buchanan, 2002). Even so, nearly 35 per-
cent of dairy cows (about 70 million head) belong to the Holstein-Friesian breed.
The popularity of this breed is largely because of its high average milk production
(Fox, 2008) and superior ability to convert feed into protein (Buchanan, 2002). This
is not an ideal situation from a biodiversity point of view, and widespread use of this
one breed may put some breeds in danger of extinction (Buchanan, 2002).

Cow milk accounted for 83 percent of global milk production in 2010
(FAOSTAT, 2012). Cow milk contains more protein and minerals, especially
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calcium and phosphorus, than human milk (Table 3.1). This is because a young calf
grows faster than a child and hence has higher nutritive demands: on average, a
calf takes only 10 weeks to double its birth weight, compared with 20 weeks for a
human baby (Walker, 1990). The protein in cow milk is of high-quality (defined as
protein that supports maximal growth), containing a good balance of all the essential
amino acids, including lysine. Many human diets are deficient in certain essential
amino acids. For example, wheat and maize-based diets contain only 57 percent
and 58 percent of required levels of lysine, and cassava-based diets are deficient in
leucine, valine and isoleucine, containing only 79 percent of required levels (WHO,
FAO and UNU, 2007). More than 600 million people depend on cassava in Africa,
Asia and Latin America for food security (FAO, 2002). Including milk (and dairy
products) in staple-based diets increases availability of these limiting amino acids,
improving overall dietary quality.

Cow milk contains more protein than does human milk, but human milk con-
tains more lactose, resulting in comparable energy contents. Cow milk and human
milk differ in the amounts of various proteins they contain. Human milk does
not contain B-lactoglobulin, one of the main proteins associated with cow milk
allergy.!? Caseins comprise nearly 80 percent of the protein in cow milk but less
than 40 percent in human milk. Caseins can form leathery curds in the stomach and
be difficult to digest. In addition, the type of caseins that predominate in the two
milks also differs, human milk containing more B-casein, which is more susceptible
to peptic hydrolysis than os-casein, particularly og-casein, which predominates in
cow milk (El-Agamy, 2007). The casein content of cow milk varies between breeds
and cheese makers often use milk from breeds with a higher k-casein content in their
milk (Bonfatti et al., 2010).

Cow milk generally contains between 3 and 4 g of fat/100 g, although values as
high as 5.5 g/100 g have been reported in raw milk. Most milks consumed now con-
tain a standardized fat content of around 3.5 g/100 g. Cow milk contains a higher
proportion of saturated FA (SFA) than does human milk: 65-75 g/100 g total FAs,
of which about 40 percent are C12:0-C16:0. Cow milk also has a high content of
C18:0. The monounsaturated FA (MUFA) that is present in highest concentration
in cow milk is C18:1 (oleic acid).

The conjugated linoleic acid (CLA) content in cow milk is generally reported to
vary from 0.1 to 2.2 g/100 g total FA depending on season, region, farming system
and feeding, and animal and breed (Elgersma, Tamminga and Ellen, 2006). For
example, milk from the Mafriwal cow breed was shown to contain a significantly
higher (P < 0.05) percentage of CLA than Jersey cow milk (0.35 g/100 g total FA vs
0.23 g/100g total FA) (Yassir et al., 2010). This has possible implications with regard
to promoting cow breeds with a higher CLA content in their milk.

Levels of water-soluble vitamins in human milk reflect maternal levels and
depend on the mother’s diet, but these vitamins are synthesized within the body of
the cow and levels are not diet-dependent in cow milk.

12 Allergy to cow milk is covered in Chapter 4.
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Buffalo milk

Water buffalo (Bubalus bubalis) milk is ranked second in the world in production,
contributing 11.1 percent of the world milk production in 2006-09, with India
(60 percent) and Pakistan (30 percent) being the main producers (FAOSTAT,
2012). Buffalo have historically been divided into swamp and river buffalo based
on morphological, behavioural and geographical criteria (Groeneveld ez al., 2010).
They are sometimes referred to as different subspecies; river buffalo as Bubalus
bubalis bubalis and swamp buffalo as Bubalus bubalis carabenesis. Swamp buffalo
are reported to be mainly used as draught animals (Talpur, Memon and Bhanger,
2007) and their milk yield is poor (Meena, Ram and Rasool, 2007). River buffalo are
used mainly for milk production (Han et al., 2007).

Buffalo milk contains more than twice as much fat as cow milk on average
(7.5 g/100 g vs 3.3 g/100 g; Table 3.1) and is therefore more energy dense. The high
fat content makes it particularly suitable for processing, with the production of 1 kg
of butter requiring 14 kg of cow milk compared with only 10 kg of buffalo milk
(Ménard et al., 2010). The proportion of SFA in buffalo milk, 65-75 g/100 g total
FA, is comparable to that in cow milk.

Goat milk

Milk from goats (Capra hircus) accounted for 2.4 percent of global milk production
in 2010 (FAOSTAT, 2012). India is the main producer of goat milk (30 percent),
followed by Bangladesh (17 percent) and Sudan (11 percent). Home consumption
of goat milk is reported to be very high: goats are the main suppliers of dairy and
meat products for rural populations (Haenlein, 2004). Some goat breeds, such as
the Bedouin goat, are able to survive under extreme environmental conditions on
meagre fodder and water intake, which makes them particularly suited for surviving
in regions with harsh climatic conditions. However, the goat is not just associated
with underdevelopment and poverty — dairy goat farming is also significant to the
economies of some Mediterranean countries (Boyazoglu, Hatziminaoglou and
Morand-Fehr, 2005) owing to the connoisseur interest in goat milk products such
as cheeses and yoghurt (Haenlein, 2004).

The proximate composition of goat milk is very similar to that of cow milk
(Table 3.1). In contrast to cow milk, the lactose content of goat milk can be increased
by supplementing the diet with plant oil (Chilliard ez al., 2005, cited in Raynal-
Ljutovac et al., 2008).

The proportion of SFA in goat milk (65-75 g/100 g total FA) is comparable to
that in cow milk. However, goat milk is rich in short- and medium-chain FAs with
6—10 carbon atoms, containing up to twice as much as cow milk (Sanz Sampelayo et
al., 2007). For this reason, caproic (C6:0), caprylic (C8:0) and capric acids (C10:0)
are named after goats. These FAs have a different metabolism to that of long-chain
FAs and are a source of rapidly available energy, particularly relevant for people
suffering from malnutrition or fat absorption syndrome and in the diets of pre-
term babies (feeding formulas for premature infants often contain medium-chain
triacylglycerols) and elderly people (Raynal-Ljutovac er al., 2008). Goat milk also
contains branched-chain FAs with fewer than 11 carbon atoms, of which there are
almost none in cow milk; this is thought to give goat milk its characteristic “goaty
and muttony flavours” (Sanz Sampelayo et al., 2007). Although some reports sug-
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gest that goat milk contains less rrans-C18:1 FA than cow milk, other studies have
shown that the trans-FA content is similar in the two milks. The actual content
depends on the feeding system, management regime and diet.

Goat milk has a smaller fat globule size than cow milk which may make it more
easily digestible (Raynal-Ljutovac et al., 2008). Anecdotal evidence, stemming in
part from cultural beliefs and in part from research studies (see references cited
in Haenlein, 2004; Ribeiro and Ribeiro, 2010), suggests that goat milk has lower
allergenicity than cow milk. These studies report that although goat milk contains
the same proteins (including B-lactoglobulin) as cow milk, some goat milk proteins
differ in their genetic polymorphisms, resulting in lower allergenicity. The major
fraction in goat casein is B-casein, which makes it similar to human milk. Milk from
some goat breeds that lack os;-casein altogether (which predominates in cow milk)
has been shown to be less allergenic (El-Agamy, 2007).

However, these reports must be approached with caution. Several studies have
shown that goat milk is not appropriate for children with immunoglobulin E (IgE)-
mediated cow milk allergy (Bellioni-Businco ez al., 1999), leading in some cases to
allergic reactions including life-threatening anaphylactic shock (Basnet ez al., 2010).
The recent guidelines issued by the World Allergy Organization states that goat
milk should not be used as a substitute for children with cow milk allergy (Fiocchi
et al., 2010).

Goat milk has been reported to contain four times as much of the oligosaccharide
sialic acid as cow milk (about 23 mg/100 g vs 6 mg/100 g) (Puente ez al., 1996, cited
in Raynal-Ljutovac et al., 2008). Oligosaccharides represent an important fraction
of human milk (1.3 g/100 g), and are thought to promote bifidobacteria growth and
play a role in brain development in the newborn child.

Goat milk has a higher content of retinol than cow milk. Vitamin By, content in
goat milk is an order of magnitude lower than in cow milk. Like cow milk, goat milk
is a poor source of folate (Pandya and Ghodke, 2007).

Goat milk contains a relatively large amount of free amino acids, particularly
of the non-protein amino acid taurine (obtained biosynthetically from cysteine) at
9 mg/100 g (Grandpierre et al., 1988 cited in Raynal-Ljutovac et al., 2008). This is
20-fold more than in cow milk and is similar to the level in human milk. A higher
content of cysteine (53 percent more than in cow milk) is also reported in goat milk.

Sheep milk

Although China was the top producer of sheep (Owvis aries) milk in 2010 (17 per-
cent), about 61 percent of the world’s sheep milk is produced in the Mediterranean
region and Middle East, and mainly used as a raw material for producing cheese and
other dairy products.

Much less information is available on sheep milk composition than on cow,
buffalo and goat milks. Although some reviews cover both goat and sheep milks
(Jandal, 1996; Pandya and Ghodke, 2007; Park et al., 2007; Raynal-Ljutovac et
al., 2008), most discuss goat milk in depth and sheep milk only superficially. Most
studies are related to effects of animal feeding on FA composition (Goulas, Zervas
and Papadopoulos, 2003; Castro et al., 2009; Talpur, Bhanger and Memon, 2009).

The average contents of protein (5.6 g/100 g) and fat (6.4 g/100 g) in sheep
milk is high; only buffalo milk contains more fat on average (Table 3.1) when milk
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from major dairy species is considered. Sheep milk also contains more lactose than
human, cow, buffalo and goat milks. The higher lactose content is compensated
for by lower sodium and potassium levels, although most of the other minerals are
present in higher amounts in sheep milk, in line with the higher ash content.

The FA profile of sheep milk is fairly similar to that of goat milk: five FAs make
up more than 75 percent of the fat (C10:0, C14:0, C16:0, C18:0 and C18:1). SFA
content (65-75 g/100 g total FA) is comparable to that in cow, buffalo and goat
milks. The average fat globule size is reported to be even smaller in sheep milk than
in goat milk.

Sheep milk contains more retinol than cow and goat milks. As in goat milk,
the non-protein amino acid taurine is reported to be present in sheep milk (Park
et al., 2007).

Yak milk

The yak (Bos grunniens) is the only bovine reared in the mountainous regions of
China, Mongolia, Russia, Nepal, India, Bhutan, Tajikistan and Uzbekistan, and
hence the populations rely on the yak for milk, meat, fur and transportation (Wie-
ner, 2002 cited in Silk ez al., 2006). Several factories in China, Nepal and Mongolia
produce dried yak milk for domestic consumption (Park and Haenlein, 2006).

The proximate composition of yak milk is very similar to that of buffalo milk:
the milks are significantly different (P < 0.05) only in their total protein content.
Like buffalo milk, the fat content of yak milk is much higher than of cow milk,
while its water content is more than 5 g/100 g lower. An analysis of published stud-
ies on yak milk showed that the water content can vary by as much as 10 g/100 g
among samples of yak milk.

The predominant FAs in yak milk are the same as in cow and buffalo milks, and
similarly, only a small amount of polyunsaturated FA (PUFA) is reported (2 g/100 g
total FA). SFA accounts for about 65 g/100 g total FA in yak milk. The short chain
C4:0-C10:0 content is low in yak milk. Small quantities (0.2 g/100 g total FA) of
CLA have also been reported.

Yak milk contains almost twice as much f-lactoglobulin (average 708 mg/100 g)
as in cow milk (300-400 mg/100 g). Yak milk was also reported to contain 67 mg
of lactoferrin/100 g, 2-6 times more than values reported in cow milk (Krdl ez al.,
2010; Lefier et al., 2010).

Mare and donkey milks

Mare (Equus caballus) and donkey (Equus asinus) milks are renowned for their
therapeutic properties (Mittaine, 1962; Doreau and Martin-Rosset, 2002; Malacarne
et al., 2002). Approximately 30 million people in Russia, Kazakhstan, Kyrgyzstan,
Tajikistan, Uzbekistan, Mongolia and eastern and central Europe drink mare milk
(Doreau and Martin-Rosset, 2002). These two monogastric species produce similar
milk, with no significant differences between them (P < 0.05) in protein, fat, lactose,
ash or water contents (Table 3.3). Their milks contain substantially lesser amounts
of fat and protein than cow milk, and are nearest in composition to human milk
because of their high lactose and low protein contents (FAO, 1972). Their ash con-
tents are also lower than that of cow milk (0.3-0.5 g/100 g vs 0.7 g/100 g) and thus
more similar to human milk (0.2 g/100 g). According to some reports, mare milk
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can contain up to 15 mg of ascorbic acid/100 g, much more than cow milk (Marconi
and Panfili, 1998).

Compared with cow milk, equine milk fat has a high content of PUFA (more
than 20 g/100 g total FA in both mare and donkey milks compared with about
6 g/100 g total FA in cow milk) and a low content of SFA (average 40 g/100 g
total FA in mare milk and 55 g/100 g total FA in donkey milk, compared with
65-75 g/100 g total FA in cow milk). The milks also contain the indispensable FAs
alpha-linolenic acid (ALA) and linoleic acid (LA) (6 g ALA/100 g total FA in mare
milk and 4 g ALA/100 g total FA in donkey milk; 10 g LA/100 g total FA in mare
milk, 6 g LA/100 g total FA in donkey milk). Values for ALA in cow, goat and
sheep milks range between 2 and 4 g/100 g total FA, and values for LA between 0.3
and 0.6 g/100 g total FA (Rodriguez-Alcald, Harte and Fontecha, 2009). In human
milk ALA can range from 1 to 3 g/100 g (Malacarne et al., 2002). The high LA and
ALA contents and low C18:0 content of equine milks are attributed to equines
being monogastric animals: FAs are hydrogenated in the digestive tract of ruminants
before absorption, but not in the digestive tract of equines (Jenkins ez al., 1996, cited
in Chiofalo, Salimei and Chiofalo, 2001). The unsaturated long chain FA content
of equine milk is related to amounts consumed with forage (Chiofalo, Salimei and
Chiofalo, 2001; Pelizzola ez al., 2006). No trans-FA or CLA have been reported in
donkey milk, while mare milk has been reported to contain negligible amounts of
CLA and trans-C18:1 (vaccenic acid) (Jahreis et al., 1999).

The equine milks resemble human milk in their relatively low content of caseins
(40-45 percent of total protein content). A recent study showed that caseins in equine
milks are rapidly digested by gastric juices, in contrast to the caseins from cow and
goat milks which are digested slowly (Inglingstad ez al., 2010). As 40-50 percent of
equine milk protein consists of whey protein, equine milk is not very suitable for
cheese production. The whey proteins include lysozyme, which has been reported
at 100-200 mg/100 g of donkey milk, compared with only 7-13 pg/100 g of cow
milk (Uniacke-Lowe, Huppertz and Fox, 2010). Although equine milk whey
contains B-lactoglobulin, the sequence homology between proteins isolated from
equine milks and cow milk is only 60 percent. Owing to the similarity of milk pro-
teins in equine and human milk, equine milks have been recommended for children
with severe IgE-mediated cow milk protein allergy (Businco et al., 2000).

To summarize, the similarity of equine milk to human milk in total protein and
lactose contents and FA and protein profiles and the fairly low mineral content sug-
gests that equine milk could be a better food for infants than is cow milk (TIacono et
al., 1992; Malacarne et al., 2002), although the lower total fat in equine milks make
them less energy dense than human milk. Although one study documents the use
of donkey milk to feed unweaned infants (Ziegler, 2007), further studies are needed,
particularly because adverse effects on iron nutrition may be expected. The protein
profile of equine milk makes it particularly suitable for consumption by people who
are allergic to cow milk.

Dromedary camel and Bactrian camel milks

In arid and semi-arid areas camels play a major role in supplying the population
with milk (FAO, 1982). There are two species of camel, the dromedary or Ara-
bian camel (Camelus dromedaries, single-humped) mainly found in desert areas
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in the Middle East, North and East Africa, Southwest Asia and Australia, and the
Bactrian camel (Camelus bactrianus, two-humped), found in northwestern China
and Mongolia, southern Russia, Tajikistan and Kazakhstan. Out of an estimated
18 million camels in the world only 2 million are Bactrian camels (Alhadrami,
2003). Sub-Saharan Africa accounted for over 87 percent of camel milk production
in 2006-9 (FAOSTAT, 2012). Somalia is the largest single producer of camel milk
(53 percent of global camel milk production), followed by Ethiopia (12 percent) and
Mali (8 percent) (FAOSTAT, 2008). Camelids have a stomach with three compart-
ments rather than four but with similar functional properties to ruminant stomachs
(Schoos et al., 2008); therefore they are sometimes called “pseudo-ruminants”.

The lactose and protein contents in the milk from the two camel species are simi-
lar but their fat contents are different, with Bactrian camel milk containing more fat.
In overall proximate composition, dromedary camel milk is very similar to cow milk.

The SFA content of Bactrian camel milk (average 50 g/100 g total FA) appears
to be lower than that of cow milk, while that of dromedary camel milk (average
60 g/100 g total FA) may be slightly lower than that of cow milk. The main FAs
reported in most studies of dromedary camel milk are C16:0, C14:0, C18:0, C18:1
and C16:1, although a few studies found high contents of C9:0 and C10:1 (Gorban
and Izzeldin, 1999), which are unusual for milk. The MUFA content in dromedary
camel milk (56-80 g/100 g total FAs) is higher than in cow milk (26 g/100 g total
FAs) (Medhammar er al. 2011). The content of very short chain FAs (C4-C8) is
low compared with most milks including cow milk. It has been suggested these
FAs, which are produced by cellulose fermentation in the rumen, may be rapidly
metabolized by camel tissue and are therefore not excreted in the milk (Gorban and
Izzeldin, 2001). Although some authors have commented on the high PUFA con-
tent of camel milk compared with cow milk (Gorban and Izzeldin, 2001; Alhadrami,
2003; Zhang et al., 2005; Jirimutu et al., 2010) and suggested that biohydrogenation
of polyunsaturated FA may be less extensive in the rumen of camel than in cow
(Gorban and Izzeldin, 2001), C18:1 was erroneously included with PUFA in some
of these papers (Zhang et al., 2005; Jirimutu et al., 2010). Milk from both camel
species contains 1-2 g of ALA and LA/100 g total FA.

Dromedary camel and Bactrian camel milks do not contain measurable amounts
of B-lactoglobulin and are similar to human milk in this respect (Fernandez and
Oliver, 1988; Merin et al., 2001; Jirimutu et al., 2010). Therefore, the main whey
protein is o-lactalbumin, unlike in cow milk whey in which this protein makes
up only 25 percent of the total whey protein (Al Haj and Al Kanhal, 2010). As in
human milk, B-casein is the main camel milk casein (Al Haj and Al Kanhal, 2010).
These two characteristics could contribute to dromedary camel milk having a higher
digestibility rate and lower incidence of allergy than cow milk (El-Agamy et al.,
2009). However, these differences in protein composition are reported to lead to
difficulties in cheese manufacture with camel milk (Al Haj and Al Kanhal, 2010).

Perhaps more than any other milk, camel milk has had various therapeutic
benefits attributed to it (see Al Haj and Al Kanhal, 2010). In fact, both dromedary
and Bactrian camel milks contain greater quantities of bioactive substances and anti-
microbial components such as lysozyme, lactoferrins and immunoglobulins than do
cow and buffalo milks. The high lysozyme content in camel milk delays growth of
yoghurt culture, causing problems in yoghurt production (Abu-Taraboush, 1996
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and Jumah et al., 2001, cited in Al Haj and Al Kanhal, 2010). Even though the
antimicrobial components in camel milk are more heat stable than those in cow and
buffalo milk, heating camel milk to 100 °C for 30 minutes results in a total loss of
antimicrobial activity (El-Agamy, 2007).

The vitamin C content of dromedary camel milk shows a wide range, depend-
ing on breed, ranging from 2.5 mg/100 g in the Majaheem breed from Saudi
Arabia (Mehaia, 1994) to 18.4 mg/100 g milk in the Arvana breed from Kazakhstan
(Konuspayeva et al., 2010). However, vitamin C in camel milk may be more heat-
sensitive than in cow milk, decreasing by about 27 percent when the milk is pasteur-
ized (Mehaia, 1994).

Mithun milk

The domesticated bovine species, mithun (Bos frontalis), is mainly found in the hill
regions of India, Myanmar, Bhutan and Bangladesh (Nath and Verma, 2000), where
it plays an important role in the economic, social and cultural life of the local people.
Hybrids of mithun and cattle are used as dairy animals in parts of northeastern India
and Bhutan (NRCM, 2010).

Very few studies are available on the composition of mithun milk. The milk
contains more total fat (8.9 g/100 g) and total protein (6.5 g/100 g) than cow milk
(3.3 g fat and 3.3 g protein/100 g milk) (Mech et al., 2008). The high fat and protein
contents in mithun milk are attributed to the unique genetic makeup of this species
and to its low milk yield (Mondal et al., 2001; Mech et al., 2008).

Musk ox milk

The musk ox (Ovibos moschatus) is an Arctic mammal that belongs to the subfamily
Caprinae, as do goat and sheep. Data on only proximate composition were available
for musk ox, obtained from one study (Tener, 1956 cited in Alston-Mills, 1995).
Musk ox milk contains more protein and fat but less lactose and water than cow
milk. However, the fat content (5.4 milk g/100 g) is not high for an Arctic animal.
The ash content in musk ox milk is more than double that of cow milk (1.6 g/100 g
compared with 0.7 g/100 g).

Llama and alpaca milks

Llama (Lama glama) and alpaca (Lama pacos), both domesticated species of South
American camelids, have historically not been bred for dairy purposes. Information
on milk composition and consumption is scarce. These milks are an underutilized
nutritional and economic resource for the people living in the mountainous areas of
South America (Fernandez and Oliver, 1988; Riek and Gerken, 2006).

Alpaca milk is richer in protein and ash than milks from the other camelids and
cow milk. Llama milk does not contain measurable amounts of B-lactoglobulin
(Fernandez and Oliver, 1988; Merin et al., 2001; Jirimutu et al., 2010).

No studies are available on the FA composition of alpaca milk, but one study
(Schoos et al., 2008) reported the FA composition of llama milk. The proportions of
SFA, C4-C10, MUFA and PUFA in llama milk fat are comparable to the values in
cow milk. The predominant FAs in llama milk are C16:0, C18:1, C14:0 and C18:0.
The milk also contains trans-FA at 3 g/100 g total FA (mainly C18:1 trans-11), and
a small amount of CLA (0.4 g/100 g total FA).
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Reindeer and moose milks

Reindeer (Rangifer tarandus) herding is carried out from northern Scandinavia
to eastern Siberia. Renewed interest in reindeer milk lies in the expanding market
for gourmet products (Holand er al., 2002). Moose (Alces alces), also known as
European elk, are found in the Baltic states, Canada, Finland, Norway, Russia,
Sweden and United States (Alaska). Moose milking farms can be found in Russia
and Sweden (Minaev, 2010; Dreiucker and Vetter, 2011).

Both these species are noted for their concentrated milks, which have a cream-like
consistency and very high fat and protein contents (Cook, Rausch and Baker, 1970;
Holand, Gjestein and Nieminen, 2006). The total fat in reindeer milk can be over six
times as high as in cow milk (21.5 g/100 g compared with 3.3 g/100 g), and the protein
content four times as high as in cow milk (13.0 g/100 g compared with 3.3 g/100 g).
The high protein and fat contents make these milks energy dense. The high energy and
protein contents enable the calf to survive the harsh Arctic winter; the concentrated
milk is particularly suited to the migratory lifestyle of the reindeer (Gjostein, Holand
and Weladji, 2004). The high protein content also means a higher content of amino
acids, all amino acids being present in amounts that are 2—6 times those found in cow
milk. Reindeer milk may be suitable as a protein supplement, especially for athletes,
given the high absolute content of almost all amino acids in reindeer milk compared
with milk from other dairy animals (Holand, Gjestein and Nieminen, 2006).

About 80 percent of the protein in reindeer milk is caseins, similar to cow milk.
Although reindeer milk contains B-lactoglobulin, one study has reported that there
is only partial cross-reactivity between cow and reindeer milks, suggesting that
reindeer B-lactoglobulin lacks important bovine epitopes that bind IgE (Suutari
et al., 2006). No information was found on the protein profile of moose milk.

Both reindeer and moose milks are low in lactose, containing nearly half the value
found in cow milk (average values of 2.9 and 2.6 g/100 g compared with 4.7 g/100 g),
although the lactose content of moose milk can be as low as 0.6 g/100 g milk (Cook,
Rausch and Baker, 1970). The Saami people, who are reindeer herders, are reported
to be rather intolerant of lactose; hence reindeer milk is particularly suitable as part
of their diet (Holand, Gjestein and Nieminen, 2006). Moose milk could provide an
alternative source of dairy for people displaying a reduced tolerance of lactose (see
Chapter 4 for discussion of lactose maldigestion/malabsorption).

Both reindeer and moose milks have a high ash content. Mineral values as high as
358 mg of calcium/100 g, 158 mg of sodium/100 g and 150 mg of phosphorus/100 g
have been reported in moose milk (Cook, Rausch and Baker, 1970; Franzmann,
Flynn and Arneson, 1976; Chalyshev and Badlo, 2002).

The FA profile of reindeer milk is similar to that of cow milk; SFA predominates
and the main FAs are C16:0, C18:1, C18:0 and C14:0. Very few studies are avail-
able on the FA profile of moose milk. According to these reports, the SFA content
(average 53 g/100 g total FA) of the milk is lower than in cow milk (65-75 g/100 g
total FA). Moose milk has a high content of PUFA compared with cow milk, with
an average of 14 g/100 g total FA (range 8-25 g/100 g total FA) compared with
about 6 g/100 g total FA in cow milk. C4-C10 FA contents are unusually low, with
an average of 4 g/100 g total FA (range 0-15 g/100 g total FA). The main FAs are
C 18:1, C16:0 and C18:0, with a relatively small amount (2-5 g/100 g total FA) of
C14:0 when compared with milk from other species (Dreiucker and Vetter, 2011).



Chapter 3 — Milk and dairy product composition

59

Reindeer milk was reported to contain trans-FA at 3 g/100 g total FA and LA
(C18:2 n-6) at 2 g/100 g total FA, while moose milk contained more LA (average
8 g/100 g total FA) (Medhammar er al., 2011).

3.2.3 Factors affecting milk composition

Milk composition is affected by various factors, including stage of lactation, breed
differences, number of calvings (parity), seasonal variations, age and health of ani-
mal, feed and management effects including number of milkings per day and herd
size (Laben, 1963; Bansal et al., 2003; Walker, Dunshea and Doyle, 2004; Jenkins and
McGuire, 2006). This section focuses on the effects of feed and stage of lactation.

Animal feed and milk composition

The influence of animal feed on milk composition has been, and continues to be,
the focus of many studies. Milk can be modified to improve it nutrient value and
sensory quality by changing the animal’s diet (Palmquist, Beaulieu and Barbano,
1993; Mesfin and Getachew, 2007; Castagnetti et al., 2008; Slots et al., 2009; Vera,
Aguilar and Lira, 2009; Wiking ez al., 2010). For a review on the effects of nutrition
and management on the production and composition of milk fat and protein, see
Walker, Dunshea and Doyle (2004).

Several studies have looked at methods to increase long-chain n-3 PUFA (such
as docosahexaenoic acid [DHA] and eicosapentaenoic acid [EPA]), CLA and C18:1
trans-11 (vaccenic acid), all of which have been proposed to have beneficial effects
on human health (see Cruz-Hernandez et al., 2007, and references therein for
information on the effects of C18:1 trans-11). C18:1 trans-11 is produced in rumen
bacteria from dietary PUFA, and is subsequently converted by A”-desaturase into
CLA in the tissues of ruminants (Cruz-Hernandez et al., 2007). Enrichment of
milk and meat fats of ruminants with CLA and C18:1 trans-11 depends on forage-
to-concentrate ratio, the type of forage, the starch source in the concentrate, the
plant oil (e.g. sunflower, safflower oil, linseed etc.) added and its PUFA content
and composition and inclusion of fish oil, fish meal or algae (see Cruz-Hernandez
et al., 2007, and references therein). Plant secondary metabolites such as essential
oils, phenolic compounds and saponins have been suggested as a potential means
to manipulate bacterial populations involved in ruminal biohydrogenation and
thereby modify the FA composition of ruminant-derived food products such as
milk (Benchaar and Chouinard, 2009).

Grass-fed cows produce milk with significantly higher CLA contents than cows
fed concentrate-based diets, with values as high as 3.3 g/100 g total FA (Jutzeler van
Wijlen and Colombani, 2010). Slots ez al. (2009) reported that an extensive feeding
system that incorporated pasture increased the CLA and C18:1 trans-11 content
in cow milk. The milk fat of cows grazed in the Alps has also been reported to
be exceptionally high in CLA, ranging from 1.9-2.9 g/100 g total FA (Kraft ez al.,
2003), although it has been suggested that this may be linked to grass feeding in
general rather than being the result of a specific alpine pasture effect (Leiber ez al.,
2005). Milk from grass-fed cows (irrespective of whether grazed or barn-fed) con-
tained up to 96 percent more ALA and 134 percent more a-tocopherol (attributed
to the high amounts of a-tocopherol in the grass), when compared with milk from
cows fed a silage-concentrate diet (Leiber et al., 2005).
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Similar effects have been found in dairy goats. Pajor et al. (2009) reported sig-
nificantly higher protein, fat, ALA, PUFA and n-3 FAs contents and lower lactose
content in the milk from goats grazed on extensive pasture than in those fed on
silage and hay.

The availability and accessibility to nutritive animal feed are financial and logisti-
cal challenges and are dependent on local and seasonal conditions and resources.
Supplementation with, for example, oil seeds, vegetables and fish oils can enhance
the nutritive value of feed available but the cost may deter its regular use in farming
(Nkya et al., 2002; Givens and Gibbs, 2008). Additionally, protein concentration
and composition are less responsive to changes in animal nutrition except in extreme
feeding conditions (Vera, Aguilar and Lira, 2009) or when using supplements; for
example, organic selenium supplements may increase selenoprotein in milk (Walker,
Dunshea and Doyle, 2004).

Lactation stage and milk composition

The patterns of change in protein and fat over the course of a lactation are similar in
most species, and generally follow a trend opposite to the lactation curve (Gjostein,
Holand and Weladji, 2004; Riek and Gerken, 2006; Konuspayeva et al., 2010).
However, the changes in fat content are difficult to interpret, being strongly related
to seasonal feeding effects (Shah et al., 1983; Pikul and Wéjtowski, 2008; Pikul ez al.,
2008). The milk of wild and semi-domesticated ruminants is richer in both protein
and fat in late lactation than in early lactation, in part to compensate for the declin-
ing rate of milk intake by the offspring during late lactation (Gjestein, Holand and
Weladji, 2004; Holand, Gjestein and Nieminen, 2006). In contrast, some mare and
donkey breeds have been reported to produce relatively dilute milk in mid to late
lactation (Oftedal and Jenness, 1988; Ramljak ez al., 2009); both milk yield and in
protein content declined as lactation progressed.

In general, there is an inverse relationship between ash content and lactose
content in milk. Lactose together with sodium, potassium and chloride ions plays a
major role in maintaining the osmotic pressure in the mammary system; thus, any
increase or decrease in lactose is compensated for by an increase or decrease in the
soluble salt constituents, reflected in the ash content (Fox and McSweeney, 1998).
The ash content of most milks increases and the lactose content decreases with
lactation stage (Ploumi, Belibasaki and Triantaphyllidis, 1998; Wangoh, Farah and
Puhan, 1998; Sharma et al., 2000; Gjostein, Holand and Weladji, 2004; Zahraddeen,
Butswat and Mbap, 2007), although the converse pattern has been observed in mare
and donkey milks (Schryver ez al., 1986; Martuzzi et al., 1997; Mariani et al., 2001;
Summer et al., 2004; Santos et al., 2005; Guo et al., 2007; Santos and Silvestre, 2008)
and ash and lactose contents do not vary significantly during lactation in some milks
(Zhang et al., 2005; Mech et al., 2008). However, more complex patterns of change
in lactose and ash have also been reported (Cerén-Muifioz et al., 2002; Riek and
Gerken, 2006; Konuspayeva et al., 2010).

3.2.4 Nutritional value of milk from various species
Whole milk is seen to be a very good source of dietary fat, energy, protein and other

nutrients (Table 3.6) when the average amounts of nutrients in various milks are
compared with the CODEX Guide to Food Labelling (FAO and WHO, 2001). All
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the milks listed in Table 3.6, except mare and donkey milks, are a source of protein.
The high protein content of cow milk is one reason why unmodified cow milk is not
recommended for infants less than 12 months old, although some studies suggest
that mare and donkey milk may be appropriate for young children as they contain
less protein and minerals and therefore present a lower renal load of solutes (Iacono
et al., 1992; Malacarne et al., 2002). One cup (250 ml) of moose or reindeer milk
provides the recommended safe level of protein intake (<26 g/day) for children less
than 10 years of age (WHO, FAO and UNU, 2007).

None of the milks is a source of iron, which is the main reason why animal milks
are not recommended in the complementary feeding of infants less than 12 months
old. In addition, feeding animal milks to infants can lead to intestinal bleeding and
loss of iron, as has been shown on studies on cow milk (Ziegler, 2007). The high
calcium and casein contents in most milks also inhibit the absorption of dietary
nonheme iron (Ziegler, 2007).

All the milks listed in Table 3.6 are sources of calcium, and most are high in cal-
cium. All are low or very low in sodium. Moose milk contains significant amounts
of selenium (11 pg/100 g), and even one cup (250 ml) provides the recommended
nutrient intake (RNI) of 17 pg for a 1-3 year old child (FAO and WHO, 2002).
Two cups of cow milk can also provide the RNI, based on the highest reported
selenium content.

Buffalo, Bactrian camel and goat milks are sources of vitamin A (Table 3.6).
Sheep milk is high in riboflavin while cow, goat, buffalo and Bactrian camel milks
are adequate sources of riboflavin. The RNI of riboflavin, 0.5 mg/day, can be
provided by two cups of cow, buffalo, goat, sheep or Bactrian camel milks. Buffalo
milk is high in vitamin B, and two cups of buffalo milk a day (500 ml) can provide
330 percent of the RNI (0.5 mg/day) of vitamin B¢ for a 1-3 year-old child. Buf-
falo milk also contains biotin; even 100 g of buffalo milk can easily provide the
RNT of 8 pg/day.

Sheep, mare and dromedary camel milks can be considered sources of vitamin
C, containing an average of 4.6, 4.3 and 3.8 mg/100 g, respectively. The availability
of even a moderate amount of vitamin C in camel milk has significant nutritional
relevance in areas where green vegetables and fruits are hard to find (Sawaya et al.,
1984, cited in Zhang et al., 2005). Bactrian camel milk is high in vitamin D, with two
cups of milk providing 160 percent of the RNT (5 pg/day).

FAO and WHO (2010a) concluded that fats and FAs should be considered key
nutrients: fats are energy dense (37 kJ or 9 kcal per gram), provide the medium for
the absorption of fat-soluble vitamins and are crucial for embryonic development
and early growth after birth, on through infancy and childhood (Burlingame et al.,
2009). The report highlighted the negative effects of SFAs and trans-FA, and the
positive effects of PUFAs, MUFAs and n-3 FAs. Individual SFA have different
effects on the concentration of lipoprotein cholesterol fractions, with C12:0, C14:0
and C16:0 increasing low-density lipoprotein (LDL) cholesterol, while C18:0 has
no effect (FAO and WHO, 2010a). The Expert Consultation (FAO and WHO,
2010a) concluded that there is convincing evidence that replacing SFA (C12:0
— C16:0) with PUFA decreases LDL cholesterol concentration and the total/high-
density lipoprotein (HDL) cholesterol ratio. A similar but lesser effect is achieved
by replacing these SFA with MUFA (FAO and WHO, 2010a).
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Cow, buffalo, goat and sheep milks all contain similar quantities of SFAs,
65-75 g/100 g total FA. Mare and donkey milks contain the lowest amounts of
SFA, less than 40 g/100 g total FA in the case of mare milk. These two milks also
contain the highest amount of PUFA, on average 20 g/100 g total FA. In addition,
the indispensable FAs ALA and LA are present in equine milks.

Because of its high LA and ALA contents, mare milk has been suggested as ideal
for pre-term infants, as their livers are probably capable of transforming these FAs
into the n-3 FAs eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)
and the n-6 FA arachidonic acid (Orlandoi, Goracci and Curadi, 2003). However,
further studies are necessary, particularly with respect to effects on iron status
in infants. For populations with no access to n-3 FA from fish, e.g. landlocked
Mongolia, intake of mare milk is crucial for meeting requirements (adequate intake
of 100-150 mg EPA+DHA for a 2-4-year-old child; acceptable macronutrient
distribution range of 0.25-2 g/day for adults) (FAO and WHO, 2010a).

Trans-FA contents of up to 3—6 g/100 g total FA have been reported in cow,
buffalo, goat, sheep, goat, reindeer and llama milks (LeDoux et /., 2002; Rodriguez-
Alcald, Harte and Fontecha, 2009). However, these values depend on the diet of the
animals, with values up to 10 g/100 g total FA (or 0.33 g/100 g milk, given an average
fat content of 3.5 g/100 g) being reported in cow milk under certain feeding regimes
(Briard-Bion et al., 2008). No trans-FAs have been reported in donkey milk, while
mare milk is reported to contain negligible amounts.

The most biologically active form of CLA is thought to be C18:2 c¢is-9, trans-11
(c9, t11-CLA) (Jensen, 2002), which represents more than 90 percent of CLA in
ruminant milk fat (Savoini et al., 2010). C18:1 trans-11 (vaccenic acid), the domi-
nant trans-FA in products of ruminant origin, can be desaturated in the body and
converted to CLA."P

Cow milk is reported to contain between 0.1 and 2.2 g of CLA/100 g total FA, the
amount varying with various factors including feed, with values as high as 3.3 g/100 g
total FA reported in milk from grass fed cows (Jutzeler van Wijlen and Colombani,
2010). Sheep milk is reported to contain more CLA than cow and goat milks (Jahreis
et al., 1999; Tsiplakou ez al., 2009), which may be partially attributed to the semi-
extensive nature of sheep farming (Sanz Sampelayo ez al., 2007). Buffalo milk contains
an amount of CLA similar to or greater than that in cow milk. Mare (monogastric),
llama and Bactrian camel (pseudo-ruminant) and yak (ruminant) milks have been
reported to contain only very small amounts of CLA. The CLA content in human
milk is reported to vary from 0.2 to 1.1 g/100 g total FA (Malacarne et al., 2002).

3.3 TREATED LIQUID MILKS AND DAIRY PRODUCTS

Very little raw milk (i.e., “milk which has not been heated beyond 40 °C or under-
gone any treatment that has an equivalent effect”) is now drunk (FAO and WHO,
2009). The hazards and risks associated with the consumption of raw milk are
discussed in Chapter 6.

13The health impact of CLA and trans-FA are considered in Chapter 5. Chapter 5 also highlights the
labelling classifications of CLA.
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The earliest milk products were developed to conserve the principal constituents
of milk in periods of surplus production. For example, nomadic people in Outer
Mongolia process most of the milk they obtain in the short summer season into
fermented milk, butter, and dried fermented milk products, some of which have
very long or indefinite shelf-lives and can be used in the winter when fresh milk is
sometimes unavailable (Orskov, 1995). Milk products are also easier to transport
than liquid milk, a major consideration for nomadic herders; it is common for a fam-
ily of herders in Outer Mongolia to move 6-12 times a year (Orskov, 1995). Milk
products are also a means of diversifying the diet for these people. Milk products
can also reach more distant markets: in some parts of the world, there has been a
recent increase in demand for gourmet products from various milks (Holand et al.,
2002). Products can be tailored to meet consumer demands and attract a higher price
than raw milk.

A fascinating account of the history of cheese-making is given by Fox and
McSweeney (2004). The authors report that coagulation of milk by the i situ pro-
duction of lactic acid was probably accidental, as lactic acid bacteria have the ability
to grow in milk and produce enough acid to lower the pH of milk, causing the milk
proteins to coagulate. Similarly, the use of rennets to coagulate milk may also have
initially been accidental: before the development of pottery (~5000 BC), milk was
commonly stored in bags made from the stomachs of slaughtered animals. Enzymes
(chymosin and some pepsin) in the stomach tissue would have caused the milk to
coagulate on storage. People would then have come to realize that the shelf-life of
the curds could be extended by dehydration or by adding salts.

Figure 3.3 shows the dairy commodity tree, a symbolic representation of
the flow from a primary commodity to various processed products derived
from it, together with the conversion factors from one commodity to another.
For example, the extraction rate!* for butter from whole milk is 4.7 percent,
while it is 93 percent for butter from skimmed milk (first level processing). The
skimmed milk can be converted into a range of products (second level), including
skimmed-milk cheese (extraction rate 18 percent) and fresh whey, evaporated
skimmed milk (extraction rate 40 percent), condensed skimmed milk (extraction
rate 36 percent) and dry skimmed milk (extraction rate 10 percent). Some of
these products can be further processed to give further products (third level),
such as processed cheese from skimmed-milk cheese. When you consider that the
products formed can vary with milk source (cow, buffalo, goat etc., although not
all products are possible with all milks) and the large range of varying products
present within some of these categories (e.g. cheese), an idea of the vast number
of dairy products available is obtained. However, the majority of published
research concerns cheese and fermented milk products, with particular emphasis
on the microbiology of these products.

Table 3.7 shows the composition of some of these products, excluding cheese.

14 Extraction rate relates to processed products only and indicates, in percent terms, the amount of
the processed product concerned obtained from the processing of the parent/originating product, in
most cases a primary product.
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FIGURE 3.3
Dairy commodity tree
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3.3.1 Milk classifications

Milk can be classified according to its fat content, for example as whole milk, skimmed
milk, semi-skimmed milk, low-fat milk and standardized milk. It can also be clas-
sified according to the processing procedures it has undergone, such as pasteurized
milk, sterilized milk, extended shelf-life (ESL) milk and ultra-high-temperature
(UHT)-treated milk, among others. The FAOSTAT definitions for various milk and
milk products are given below in italics, where available. The FAOSTAT codes are
given within brackets. CODEX definitions are given only where FAOSTAT defini-
tions are not available or where additional information is needed.
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Zﬁﬂ-;js.ilion of milk products excluding cheese (per 100 g of product)
FAOSTAT  Description Water Energy Energy  Protein Total Lactose
code (9) (kcal) (kJ) (9) fat (g) (9)
882 Cow milk, whole, fresh 88.1 61 256 3.2 3.3 5.1
885 Cream, fresh 73.8 195 818 2.7 19.3 0.1
886 Butter of cow milk 15.9 717 2999 0.9 81.1 0.1
887 Ghee (from cow milk) 0.2 876 3 664 0.3 99.5 0.0
888 Skim milk of cows 90.8 34 142 3.4 0.1 5.1
889 Whole milk, condensed 27.2 321 1343 7.9 8.7 54.4
891 Yoghurt 87.9 61 257 3.5 3.3 4.7
894 Whole milk, evaporated 74.0 135 567 6.8 7.6 10.0
895 Skim milk, evaporated 79.4 78 326 7.6 0.2 11.4
897 Dry whole cow milk 2.5 496 2075 26.3 26.7 38.4
898 Dry skim cow milk 3.2 362 1516 36.2 0.8 52.0
900 Dry whey 3.4 346 1448 12.3 0.8 74.0
903 Whey, fresh 93.3 26 107 0.8 0.2 5.1

Data source: Merrill and Watt, 1973. For energy, specific Atwater factors have been used by USDA, 2009. Cow milk, whole,
fresh — food code 01211, Milk, whole, 3.25% milkfat, without added vitamin A and vitamin D; Cream, fresh — food code
01050, Cream, fluid, light (coffee cream or table cream); 01001, Butter of cow milk - food code Butter, salted; Ghee (from
cow milk) — food code 01003 Butter oil, anhydrous; Skim milk of cows — food code 01151 Milk, nonfat, fluid, without
added vitamin A and vitamin D (fat free or skim); Whole milk, condensed - food code 01095 Milk, canned, condensed,
sweetened; yoghurt - food code 01116 Yoghurt, plain, whole milk, 8 grams protein per 8 ounce; Whole milk, evaporated
- food code 01214, Milk, canned, evaporated, without added vitamin A and vitamin D; Skim milk, evaporated - food code
01097, Milk, canned, evaporated, nonfat, with added vitamin A and vitamin D; Dry whole cow milk — food code 01090,
Milk, dry, whole, with added vitamin D; Dry skim cow milk — food code 01091, Milk, dry, nonfat, regular, without added
vitamin A and vitamin D; Dry whey - calculated average of food codes 01112, Whey, acid, fluid and 01114, Whey, sweet,
fluid; Whey, fresh — calculated average of food codes 01113, Whey, acid, dried and 01115, Whey, sweet, dried.

Liquid milk

Cow milk, whole, fresh (0882): Production data refer to raw milk containing all its
constituents. Trade data normally cover milk from any animal (e.g., buffalo [0951],
goat [1020], sheep [0982], camel [1130]) and refer to milk that is not concentrated,
pasteurized, sterilized or other-wise preserved, homogenized or peptonized.

Milk skim of cows (0888): Milk from which most of the fat has been removed. Can
be applied to milk from other animals too, such as buffalo (0954), sheep (0985) and
goat (1023).

Skimmed milk (also known as “fat free” or “non-fat” milk) contains reduced
amounts of fat-soluble vitamins, particularly vitamin A, compared with whole milk.

Standardized milk (0883): Milk in which the fat content is adjusted to a predeter-
mined value without altering any other constituents.

Standardizing is usually carried out either by incomplete skimming of whole
milk to remove part of the fat, or by mixing the whole milk with skimmed milk.
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Reconstituted milk (0908): Obtained by adding water, fat, etc. to milk powder.

Fortified milks: Milk can be enriched with various compounds to increase the intake
of particular micronutrients, for example vitamins A, D and C and iron."® Some
authors argue that milk can play an important role as a vector of supplements: the
complexity and nutritional stability of milk makes it an ideal vehicle for providing
important trace nutrients that can improve nutritional quality and prevent chronic
degenerative diseases (Arsenio et al., 2010).

Condensed milk
Condensed milk may be sweetened or unsweetened, and made from whole or
skimmed milk.

Whole milk, condensed (0889): Milk and cream from which water has been partly
removed after heat-treating and concentrating. Normally sucrose is added to give the
product stability and bacteriological safety.

Skim milk, condensed (0896): Same as above (0889), but applied to skim milk.

According to the CODEX standard for sweetened condensed milks (FAO and
WHO, 2010b), sweetened condensed milk should contain a minimum of 8 percent
milk fat m/m (where percent m/m [mass per mass] is equivalent to percent by
weight) and minimum of 34 percent milk protein in milk solids-not-fat m/m.
Sweetened condensed skimmed milk should contain a maximum of 1 percent milk
fat m/m and a minimum of 34 percent milk protein in milk solids-not-fat m/m.
Sweetened condensed high-fat milk should contain a minimum of 16 percent milk
fat m/m and a minimum of 34 percent milk protein in milk solids-not-fat m/m.

Sweetened condensed milk is a high-solids milk product, about 45 percent of the
solids consisting of sucrose (Williams, 2002). It is also high in energy (1 343 k] or
321 kcal/100 g) (Table 3.7). The high sucrose:water ratio gives the product a long
shelf-life because it inhibits the growth of micro-organisms. This removes the need
for high-heat treatment during manufacture, and condensed milk is not sterilized.
Nutrient losses on production are comparable to those occurring on pasteurization,
as discussed in Section 3.3.2.

Debydrated milk products

Evaporated milks

Whole milk, evaporated (0894): Milk and cream from which the water has been partly
removed and which has been heat- treated to render it bacteriologically safe and stable.

Skim milk, evaporated (0895): Same as 0894 (above), but applied to skim milk.
FAO and WHO (2010c) sets the following standards for evaporated milks:
» evaporated milk — minimum milk fat 7.5 percent m/m; minimum milk protein
in milk solids-not-fat 34 percent m/m

13 Fortified milks are covered in Chapter 5.
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» evaporated skimmed milk — maximum milk fat 1 percent m/m; minimum milk
protein in milk solids-not-fat 34 percent m/m

= evaporated partly skimmed milk — milk fat content between 1 and 7.5 percent
m/m; minimum milk protein in milk solids-not-fat 34 percent m/m

= evaporated high-fat milk — minimum milk fat 15 percent m/m; minimum milk
protein in milk solids-not-fat 34 percent m/m.

Evaporated milk products are sterilized in their retail containers (120 °C/13 min-
utes) (Williams, 2002), and nutrient loss will occur, as discussed in Section 3.3.2.

Dry milk/milk powder

Milk whole dried (0897): Milk and cream from which water has been completely
removed by various methods. In form of powder, granules or other solid forms. May
contain added sugar or other sweeteners.

Milk skimmed dried (0898): Same as 0897, but from skim milk. Normally does not
exceed 1.5 percent fat content.

The CODEX standard for milk powders and cream powder (FAO and WHO,

2010d) sets out the following standards for milk and cream powders:

* whole milk powder — minimum 26 percent milk fat, maximum 42 percent
m/m; maximum water 5 percent m/m; minimum milk protein in milk solids-
not-fat 34 percent m/m

» partly skimmed milk powder — milk fat more than 1.5 percent and less than
26 percent m/m; maximum water 5 percent m/m; minimum milk protein in
milk solids-not-fat 34 percent m/m

» skimmed-milk powder — maximum milk fat 1.5 percent m/m; maximum water
5 percent m/m; minimum milk protein in milk solids-not-fat 34 percent m/m

* cream powder — minimum milk fat 42 percent m/m; maximum water 5 per-
cent m/m; minimum milk protein in milk solids-not-fat 34 percent m/m.

Milk powders reflect the composition of the original milks from which they are
made (see, for example, Marconi and Panfili, 1998).

Dry whole milk has a short shelf-life because the fat becomes rancid easily,
whereas dried skimmed milk (skimmed-milk powder), because of its lower fat
content, has a shelf-life of about three years if stored in cool conditions with low
humidity (Hoppe et al., 2008).

Dry whey (0900): Used in both food and animal feed.

Whey is the liquid part of milk that remains after the casein has coagulated in
cheese production.

The CODEX standard for whey powders (FAO and WHO, 2010e) requires the
following composition for whey powder:

» Jactose — reference content 61.0 percent (m/m)

* milk protein — minimum content 10.0 percent (m/m)

* milk fat — reference content 2.0 percent (m/m)

= water — maximum content 5.0 percent (m/m)

* ash — maximum content 9.5 percent (m/m).
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Dry buttermilk (0899): no definition given.

Nutrient profile of milk powder

The heat treatment involved in drying results in denaturation of milk whey proteins
and formation of whey protein—casein protein aggregates. The heat treatments are
also associated with the loss of vitamins. Sharma and Lal (2002), for example, found
that skimmed-milk powder made from buffalo milk contained 12 percent less thia-
mine, 10 percent less riboflavin, 13 percent less vitamin B, 16 percent less folate and
19 percent less total vitamin C than the original milk and that losses of water-soluble
vitamins continued during storage in sealed polyethylene bags.

Marconi and Panfili (1998) showed that while some of the characteristics of mare
milk were retained in milk powder (e.g. high whey protein, low casein, high PUFA,
particularly C18:2 and C18:3), other nutrients were partly or completely destroyed:
these include lysine (12 percent loss), vitamin A (RE) (40 percent loss), tocopherols
(60 percent loss), riboflavin (100 percent loss) and vitamin C (96 percent loss).
Similar losses were observed in cow milk powder prepared by spray-dried process:
lysine (5 percent loss), vitamin A (RE) (60 percent loss), tocopherols (40 percent
loss), riboflavin (30 percent loss) and vitamin C (93 percent loss).

3.3.2 Heat treatments and microbiocidal measures
FAO and WHO (2009) gives the following definitions for various heat-treatments
or microbiocidal measures carried out on milk:

Thermization: “The application to milk of a heat treatment of a lower intensity
than pasteurization that aims at reducing the number of micro-organisms. A
general reduction of log 3—4 can be expected. Micro-organisms surviving will
be heat-stressed and become more vulnerable to subsequent microbiological
control measures”.

Thermization heat treatments can range from heating at 52-67 °C for between
20 seconds and about half an hour (Valdramidis et al., 2011). Thermization is the
heating of raw milk for at least 15 seconds at a temperature between 57 °C and 68 °C
such that after treatment the milk shows a positive reaction to the phosphate test
(CEC, 1992).

Pasteurization: “Pasteurization is a microbiocidal heat treatment aimed at reducing
the number of any pathogenic micro-organisms in milk and liquid milk products,
if present, to a level at which they do not constitute a significant health hazard.
Pasteurization conditions are designed to effectively destroy the organisms Myco-
bacterium tuberculosis and Coxiella burnettii”.

The process criteria are given as the following: “According to validations carried
out on whole milk, the minimum pasteurization conditions are those having bacteri-
cidal effects equivalent to heating every particle of the milk to 72 °C for 15 seconds
(continuous flow pasteurization) or 63 °C for 30 minutes (batch pasteurization)”.

UHT (ultra-high temperature) treatment: UHT treatment of milk and liquid
milk products “is the application of heat to a continuously flowing product using
such high temperatures for such time that renders the product commercially sterile
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at the time of processing. When the UHT treatment is combined with aseptic pack-
aging, it results in a commercially sterile product”.

The process criteria are reported to be the following: “UHT treatment is
normally in the range of 135 to 150 °C in combination with appropriate holding
times necessary to achieve commercial sterility. Other equivalent conditions can be
established through consultation with an official or officially recognized authority.
Validation of milk flow and holding time is critical prior to operation”.

Typical UHT heating times are 2-10 seconds at 135-150 °C (Montilla, Moreno
and Olano, 2005). Although UHT milk used to be mainly cow milk, recently other
UHT milks have become available in several countries, such as UHT goat milk in
the UK and Italy and UHT buffalo milk in India, UK and Egypt.

Commercial sterilization: “The application of heat at high temperatures for a time
sufficient to render milk or milk products commercially sterile, thus resulting in
products that are safe and microbiological stable at room temperature”.

The typical condition for sterilizing milk is heating at 110-140 °C for 20-30 min-
utes (Montilla, Moreno and Olano, 2005).

Impact of beat treatment and storage on the nutrient profile of milk

The literature mainly covers the effects of pasteurization or UHT treatment on milk
composition. Few studies are available on sterilization, and these generally concern
infant formula. The main effects of heat treatment that are of nutritional significance
are: (i) degradation of vitamins; (ii) denaturation of whey proteins (which can be ben-
eficial, improving protein digestibility and decreasing their allergenic properties); (iii)
Maillard reactions between reducing sugars and the epsilon amino groups of lysine
residues in proteins; and (iv) reactions of lactose. These effects are discussed below.

Degradation of vitamins

The effects of heat processing and storage on water-soluble vitamins in milk have
been well-documented, although most studies are fairly old. Vitamin C is particu-
larly prone to degradation during processing because of its high susceptibility to
oxidation in the presence of oxygen and metal ions, and to degradation during heat
treatment (Gliguem and Birlouez-Aragon, 2005). Other factors that influence the
nature of the degradation mechanism of vitamin C are salt and sugar concentrations,
pH, enzymes, the initial concentration of ascorbic acid and the ratio of ascorbic acid
to dehydroascorbic acid (Andersson and Oste, 1994). Riboflavin is very sensitive
to light and UV radiation but relatively stable to heat and atmospheric oxygen.
Thiamine is sensitive to heat and alkaline conditions.

Losses in vitamin C, folate and vitamin By, increase with increased severity of
treatment, and sterilization caused significant losses of all vitamins shown above
except riboflavin (Figure 3.4). Vitamin C degradation is particularly influenced by
the presence of dissolved oxygen in milk: when milk was UHT treated without
degassing, 82 percent of the ascorbic content was lost (Andersson and Oste, 1994).
Several studies looked at the effect of packaging materials and storage conditions on
vitamin stability. Vitamin C content of raw and heat treated milks decreased signifi-
cantly even during storage for two weeks in a freezer. It is important to note that
degradation during storage occurs even in vitamin C-fortified milk (semi-skimmed
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FIGURE 3.4
Loss of vitamins in milk associated with various heat treatments
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Sources: Sharma and Lal, 1998: Pasteurization at 63 °C for 30 minutes and sterilization at 121 °C for 15 minutes;
Andersson and Oste, 1994: data for average values or most commonly reported values. Various conditions, including
pasteurization at 72-75 °C for 15-20 seconds, pasteurization at 90-92 °C for 2-3 seconds; direct and indirect UHT
treatment; Burton et al., 1970: UHT sterilization at 144 °C for direct heating and 141 °C for indirect heating; Haddad
and Loewenstein, 1983: pasteurization at 72 °C for 16 seconds and 80 °C for 16 seconds, UHT sterilization at 110 °C for
3.5 seconds and 140 °C for 3.5 seconds. References cited in Asadullah et al., 2010: sterilization at 143 °C for 3-4 seconds;
in-bottle sterilization at 120 °C for 13 minutes.

cow milk, fortified with 256 mg of vitamin C/litre) subjected to heat treatment:
after 1 month in storage, 51-99 percent of vitamin C had been degraded (Gliguem
and Birlouez-Aragon, 2005). The almost total loss of vitamin C on storage (either
UHT-processed or in-bottle sterilized) occurred when three-layered packaging was
used, while 51 percent degradation occurred with six-layered packaging (Gliguem
and Birlouez-Aragon, 2005).

Not more than 10 percent loss in riboflavin was reported, independent of heat
treatments used. Niacin and pantothenic acid were reported to be relatively stable
during UHT treatment (<10 percent being lost), while biotin was stable during both
UHT treatment and subsequent storage for 90 days at 15-19 °C (Ford et al., 1969).

Andersson and Oste (1994) reported no appreciable losses of fat soluble vitamins
A, D and E after pasteurization (72 °C, 15 seconds) or UHT treatment, although
losses of vitamin A were appreciable in storage.

Denaturation of whey proteins

Whey protein denaturation was reported to be higher in in-bottle-sterilized milk
than in UHT milk (Gliguem and Birlouez-Aragon, 2005) while protein denatura-
tion was reported to be much lower in pasteurized milk (0.4 percent) than in UHT
milk (56 percent) (Andersson and Oste, 1994). B-lactoglobulin and x-casein aggre-
gate during heat treatment, reducing the solubility of milk proteins.

Maillard reactions
Some studies looked at the antioxidant stability of milk and the modification of
milk proteins by the Maillard reaction (Van Boekel, 1998; Calligaris ez al., 2004;
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Hedegaard et al., 2006; Smet et al., 2009; Hiller and Lorenzen, 2010), where mainly
lysine residues in casein react with lactose and other sugars (Gliguem and Birlouez-
Aragon, 2005). Maillard reactions lead to browning of milk, associated with the for-
mation of brown melanoidins. No Maillard reactions are expected to occur during
pasteurization (Andersson and Oste, 1994). Even UHT treatment causes only very
small losses of lysine, ranging from 0-5 percent (Andersson and Oste, 1994). One
study involved powdered infant formulas sterilized by autoclaving for 5 minutes at
105 °C and 5 600 kg/m? of pressure after being reconstituted with hot water (80 °C)
(Yeung et al., 2006). The authors reported a 20 percent reduction in total protein
after autoclaving compared with conventional preparation. Concentrations of total
free amino acids were significantly lower (P = 0.01) and individual amino acids
were lower in autoclaved infant formulas. In particular, losses in valine (72 percent),
glutamine (60 percent) and lysine (40 percent) were noted. The concentration of
ammonia was significantly higher (P = 0.0003) after autoclaving, and may reflect
degradation of protein and amino acids (Yeung ez al., 2006).

Reactions of lactose

Heat treatment of milk results in isomerization of part of the lactose to lactulose
(Zhang et al., 2010). Lactulose is reported to stimulate the growth of bifidobacteria
(Zhang et al., 2010). The amount of lactulose formed depends on the extent of
heat-treatment, with the lactulose content sometimes being used as a measure of
the extent of heat-treatment (Montilla, Moreno and Olano, 2005). Lactulose con-
tents in commercial samples purchased from local stores ranged between 1.3 and
3.2 mg/100 g of pasteurized milk, 9.5 and 43.7 mg/100 g of UHT milk and 62 and
71 mg/100 g of sterilized milk (Montilla, Moreno and Olano, 2005). Reconstituted
milk powder was found to contain only 2.4-4.9 mg of lactulose /100 g, the low val-
ues reflecting the milder processing conditions to which milk powder is subjected,
and the slower isomerization in the solid state.

Otbher effects

Heat treatment would also be expected to cause isomerization of certain FAs.
Herzallah, Humeid and Al-Ismail (2005) found that pasteurization (63 °C for
30 minutes) increased the trans-isomer content of milk by 31 percent but that the
higher temperature (but shorter duration) involved in UHT treatment did not result
in significant (P < 0.05) increases in trans-isomer content. Siddique ez al. (2010)
found that different UHT processing temperatures and storage temperatures had
no influence on ash content.

Conclusions

It is clear that although heat treatment is essential to ensure total microbiological
safety, it also reduces various nutrient contents, and some of these losses are com-
pounded by storage. A study of semi-skimmed cow milk and fortified milk sub-
jected to UHT (135 °C, 3—4 seconds) treatment or in-bottle sterilization (110 °C,
20 minutes), stored in different packaging for various storage periods (3 days, 1,
2 and 4 months) concluded that “a radical modification of the milk composition
occurs during storage, which aggravates the changes firstly induced by the steriliza-
tion heat treatment. Optimal quality would require UHT (treatment), packaging in
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6-layered opaque bottles, and storage at a low temperature (<20 °C) or for a limited
time (<2 months)” (Gliguem and Birlouez-Aragon, 2005).

3.3.3 Fermented milk products

There are more than 3 500 traditional, fermented foods worldwide (EUFIC, 1999).
Fermented milk products have been reported to have a positive effect on the human
digestive system and are also implicated in the control of serum cholesterol, as
discussed in Chapter 5.

Both milk protein and lactose in fermented milk are more easily digestible than
those in the original milk. Proteins are partly degraded by the action of the bacterial
proteolytic system. The lactose content is lower than in the parent milk, as part of it
is converted to lactic acid and/or alcohol. Lactic acid gives rise to the characteristic
sour taste associated with fermented products. Yoghurt and fermented milks may
contain more folate than the original milk because some strains of lactic acid bacteria
also synthesize folate (Wouters et al., 2002). Fermentation not only makes milk
more digestible, but is also a means of increasing the shelf-life and microbiological
safety of the products.

Fermented milks
Buttermilk, curdled, acidified milk (0893): Residue from butter making. Includes
kephir.

The CODEX standard for fermented milks (FAO and WHO, 2010f) defines
fermented milk as “a milk product obtained by fermentation of milk, which milk
may have been manufactured from products obtained from milk with or without
compositional modification ... by the action of suitable micro-organisms and
resulting in reduction of pH with or without coagulation (isoelectric precipitation).
These starter micro-organisms shall be viable, active and abundant in the product
to the date of minimum durability. If the product is heat-treated after fermentation
the requirement for viable micro-organisms does not apply.” The standard specifies
a minimum milk protein content of 2.7 percent m/m, and a milk fat content of less
than 10 percent m/m. The CODEX standard also includes yoghurt and alternate
culture yoghurt.'®

Although about 400 generic names are applied to fermented milks around
the world, the real number of distinct products is much smaller (Khurana and
Kanawjia, 2007). Robinson and Tamime (1995), cited in Khurana and Kanawjia
(2007), proposed a classification scheme that classifies fermented milks according to
the type of fermentation: a) lactic fermentations (with mesophilic-, thermophilic-,
therapeutic- or probiotic-type fermentations); b) yeast-lactic fermentations; and
¢) mould-lactic fermentations). A few of the more widely-studied fermented milk
products are discussed below.

16 Codex Alimentarius (standard 243-2003) characterizes fermented milks by specific starter culture(s)
used for fermentation. Yoghurt: symbiotic cultures of Streprococcus thermophilus and Lactobacillus
delbrueckii subsp. bulgaricus; alternate culture yoghurt: cultures of Streptococcus thermophilus and
any Lactobacillus species.
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Kephir (kefir)

Kephir is a viscous, highly acidic beverage produced from cow, goat, sheep or mare
milks which can contain various amounts of alcohol and carbon dioxide (Sarkar,
2007; Ribeiro and Ribeiro, 2010). The fermentation is initiated by “kephir grains”
(clusters of yeast and bacteria), which are added to milk; hence, kephir belongs to
the yeast-lactic fermentation category. Kephir is made from raw, pasteurized or
UHT-treated milk. The milk is poured into a clean container, the kephir grains are
added and the milk is left to stand for about 24 h. The milk is then filtered to retrieve
the kephir grains, which are used to produce the next batch of kephir. The grains are
passed from generation to generation in households in the Caucasus, where they are
considered a source of family wealth (Lopitz-Otsoa et al., 2006).

While kephir is produced commercially in many countries, particularly in East-
ern Europe, it is made in homes in countries as widespread as Argentina, France,
Portugal, Taiwan and Turkey (Farnworth, 2005, cited in Ribeiro and Ribeiro,
2010). Kephir has both therapeutic attributes and nutritional attributes, such as
high contents of thiamine, riboflavin, pantothenic acid and vitamin C (the vitamin
content varying with milk source and supplementary flora), protein (with a higher
protein content when kephir grains were cultured in whey or soy milk) and miner-
als (Sarkar, 2007). Kephir also contains greater amounts of threonine, serine, alanine
and lysine than does milk (Guzel-Seydim ez al., 2003, cited in Sarkar, 2007).

According to the CODEX standard for fermented milks (FAO and WHO,
2010f), kephir should contain a minimum of 2.7 percent milk protein m/m and less
than 10 percent milk fat m/m.

Kumys (kumiss, koumiss)

This fermented product, generally made from equine or goat milk, is consumed in
Russia and western Asia primarily for its therapeutic value. Equine milk cannot be
used to produce cheese as no curd is formed on addition of rennet. However, it forms
a weak coagulum under acidic conditions and this is exploited in the production of
yoghurt-type products such as kumys (Uniacke-Lowe, Huppertz and Fox, 2010).
In Mongolia, kumys, called airag, is the national drink and distilled kumys, arkhi,
is also produced (Kanbe, 1992, and Orskov, 1995, cited in Uniacke-Lowe, Hup-
pertz and Fox, 2010). Kumys belongs to the yeast-lactic fermentation group, where
alcoholic fermentation using yeasts is used in combination with lactic-acid fermenta-
tion (Tamine and Marshall, 1984, cited in Uniacke-Lowe, Huppertz and Fox, 2010).
Kumys contains about 90 g of moisture /100 g, 2.1 g of protein /100 g (1.2 g of casein
/100 g and 0.9 g of whey proteins/100 g), 5.5 g of lactose/100 g, 1.2 g of fat/100 g and
0.3 g of ash/100 g, as well as the end-products of microbial fermentation, i.e. lactic acid
(1.8 g/100 g), ethanol (0.6-2.5 g/100 g) and CO; (0.5-0.9 g/100 g) (Uniacke-Lowe,
Huppertz and Fox, 2010). Up to 10 percent of the equine milk proteins are reported
to be hydrolysed after 96 hours (Berlin, 1962 cited by Uniacke-Lowe, Huppertz and
Fox, 2010; Tamine and Marshall, 1984, cited by Uniacke-Lowe, Huppertz and Fox,
2010). Kumys is thought to be more effective than raw equine milk in the treatment
of various illnesses because it contains additional peptides and bactericidal substances
from microbial metabolism (Doreau and Martin-Rosset, 2002, cited in Uniacke-Lowe,
Huppertz and Fox, 2010). According to the CODEX standard for fermented milks
(FAO and WHO, 2010f), kumys should contain less than 10 percent milk fat m/m.
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Tarag

This traditional naturally-fermented goat milk from China forms part of the staple
diet of the Mongolian community, who reportedly consume 1-2 litres of tarag per
person per day (Zhang et al., 2009). According to these authors, in this region,
tarag is produced using the raw whole milk from the Zang and Chaidamu breeds
of goats. The raw milk is put into a big leather bag, tied with a leather string, and
left for at least two days at 15-20 °C, during which time the natural fermentation
occurs. The authors analysed 10 authentic tarag samples collected from households.
They reported average values of 4.6 g of fat/100 g, 5.6 g of protein/100 g and 2.0 g
of lactose/100 g. Although they do not present the composition of the original
milks, the protein content is considerably higher than average values reported for
goat milk, and the lactose content is lower than in goat milk. The authors comment
on the high calcium (181 mg/100 g) and phosphorus (187 mg/100 g) contents in
tarag. However, the vitamin C content in tarag (1.4 mg/100 g) is reported to be less
than that of milk, the average vitamin C in goat milk in this region being very high
(12 mg/100 g) (Zhang et al., 2009). Although tarag is reported to be rich in proteins
(casein, lactoferrin, serum albumin, B-lactoglobulin, a-lactalbumin) (Zhang et al.,
2009), no values are given.

Kurut

Kurut is a fermented yak milk from China. It is reported to be rich in protein
and fat: average fat 5.4 g/100 ml, total protein 5.4 g/100 g, lactose 2.3 g/100 g
and ash 0.9 g/100 g (Zhang et al., 2009). Lactose in yak milk can vary between
3.3-6.2 g/100 g. The low lactose content in kurut has been ascribed to the strength
and length of fermentation of lactose by lactic acid bacteria and yeast during pro-
duction. The authors reported that the average vitamin C content was much lower
in kurut samples than in yak milk (1.74 mg/100 g compared with 15 mg/100 g) due
to oxidation. Nevertheless, the authors conclude that kurut is an important source
of vitamins for the Qinghai people, whose diet does not include much fruit or grain.
Microbiological analysis revealed that the kurut contained higher lactic acid bacteria
and yeast counts than those of other traditional fermented milks such as airag (mare
milk), kumys (mare milk) and kephir (cow milk).

Otber fermented milks

Other traditional fermented milk products include lassi (buffalo, cow) and
shrikhand or chakka (Afghanistan and India, from cow, sheep and goat milk); zaette
or Lapp’s milk (Scandinavia, cow); roub and mish (Sudan, cow); kule naoto (Kenya,
cow); sunsac (Kenya, camel); acidophilus milk (Australia, various milks); cultured
buttermilk (Scandinavian and European countries, from cow milk), laban, leben
and labneh (Lebanon, Arab countries, from cow, sheep and or goat milk), xynogalo
(Greece, sheep); ymer (Denmark, cow) and shubat (Kazakhstan, camel). An exten-
sive list of products, together with the milk used and microflora utilized, can be
found in literature (e.g. Litopoulou-Tzanetaki and Tzanetakis, 1999; Khurana and
Kanawjia, 2007; Zhang et al., 2009).
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Yoghurt

Yoghurt (0891): A fermented milk food.

Yoghurt, concentrated or unconcentrated (0892): Includes additives such as sugar,
flavouring materials, fruit or cocoa.

Yoghurt is produced by lowering the pH of milk proteins to their isoelectric
points (about pH 4.6) by the fermentation of lactose to lactic acid using starter
bacteria. Yoghurts can be differentiated according to the fat content of the milk used
to produce the yoghurt (non-fat, low-fat or whole milk), the milk source (e.g. cow,
buffalo, goat or sheep milks; for example, traditional Greek yoghurt is produced
with full fat sheep milk) and processing (e.g. UHT-treated yoghurt, fruit-flavoured
yoghurt, yoghurt drinks, smoothies and whipped or aerated yoghurt).

The milk used for yoghurt production varies, including milk concentrated by
evaporation or filtration, by supplementing milk with milk powders or by reconsti-
tuting milk powders directly to the desired concentration (Tamime and Robinson
1999, cited in Williams, 2002). The milk is homogenized and heat-treated, with
typical heat treatments being 85 °C for 30 minutes or 95 °C for 5 minutes. The milk
1s then cooled to 42 °C, inoculated with cultures and incubated at 42 °C for about
4.5 h, until the pH decreases (Williams, 2002). The heating step leads to denatura-
tion of whey proteins. These proteins, together with the caseins, precipitate at low
pH, leading to the properties associated with yoghurt. According to the CODEX
standard for fermented milks (FAO and WHO, 2010f), yoghurt, alternate culture
yoghurt and acidophilus milk should contain a minimum of 2.7 percent milk protein
m/m and less than 15 percent milk fat m/m. The composition of generic yoghurt is
given in Table 3.7.

Dabi (dadhbi)

According to some estimates, about 7 percent of all milk produced in India is used
to prepare the traditional fermented milk product dahi (curd, which is equivalent
to yoghurt), intended for direct consumption (Sarkar, 2008). This is significant,
considering that India is now the largest milk producing country in the world.
Although dahi is an age-old indigenous fermented milk product, it has managed to
retain its popularity and remain part of the Indian diet despite changing lifestyles
and food habits (Khurana and Kanawjia, 2007). In Bangladesh, about 4 percent of
milk is made into dahi (Nahar ez al., 2007). Dahi is further converted into shrikhand
(or chakka, a sweetened concentrated curd) and lassi (stirred curd).

Dabhi is reported to be very nutritious, and possess various therapeutic properties
(Nahar et al., 2007; Sarkar, 2008). In one study where authors produced dahi from cow,
buffalo and goat milks on a lab scale (Nahar ez al., 2007), protein content was reported
to be 3.8, 4.3 and 3.3 g/100 g for cow-, buffalo- and goat-milk dahi, respectively. Fat
content was reported to be 4.0, 7.8 and 3.7 g/100 g of dahi produced from cow, buf-
falo and goat milks. Values for ash were 0.8, 1.0 and 0.8 g/100 g, respectively. These
values are broadly consistent with the protein, fat and ash contents of the original
milks (Table 3.1). Lactose content of dahi is significantly lower than that of the parent
milk (Boghra and Mathur, 2000). During the production of dahi, folate increases by
165-331 percent and riboflavin and niacin by 160-201 percent; however, when dahi is
converted to chakka some of these vitamins are lost (Atreja and Deodhar, 1987, cited
in Sarkar, 2008). The protein quality of dahi is reported to be higher than that of milk.
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3.3.4 Cheese

Nearly 52 percent of the world’s cheese is produced in Europe (Table 3.8), although
the biggest single producer is the United States. Only 7.7 percent of cheese is
produced by Low Income Food Deficit Countries, while less than 2 percent of the
world production is from Least Developed Countries, which shows that cheese is
not a major source of nutrients in these countries. Given the large variety of cheeses
— 1 400 varieties, according to some estimates (Fox and McSweeney, 2004) — and
considerable body of literature available, it is beyond the scope of this chapter to
discuss cheese in detail.

Cheese from whole cow milk (0901): Curd of milk that has been coagulated and
separated from whey. May include some skimmed milk.

Cheese from skimmed cow milk (0904): May include some whole milk.

Processed cheese (0907); Cheese of goat milk (1021); Cheese of sheep milk (0984);
Whey cheese (0905): no definitions given.

Whey cheese is not a “real” cheese according to the definition above for cheese,
as it is produced from milk whey and not curd. Ricotta is an example of whey cheese
(see Table 3.10 for nutrient composition).

The CODEX general standard for cheese (FAO and WHO, 2010g) provides the
following definitions and guidelines:

“Cheese is the ripened or unripened soft, semi-hard, hard, or extra-hard
product, which may be coated, and in which the whey protein/casein ratio does
not exceed that of milk, obtained by:

(a) coagulating wholly or partly the protein of milk, skimmed milk, partly
skimmed milk, cream, whey cream or buttermilk, or any combination of these
materials, through the action of rennet or other suitable coagulating agents,
and by partially draining the whey resulting from the coagulation, while

TABLE 3.8
Cheese production (tonnes), 2009

Production (t)

World 19 358 614
Africa 907 838
Americas 6 380 884
Asia 1418 284
Europe 10 001 590
Oceania 650 016
Least Developed Countries 300 586
Low Income Food Deficit Countries 1488 557

Source: FAOSTAT.
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respecting the principle that cheese-making results in a concentration of milk
protein (in particular, the casein portion), and that consequently, the protein
content of the cheese will be distinctly higher than the protein level of the blend
of the above milk materials from which the cheese was made; and/or

(b) processing techniques involving coagulation of the protein of milk and/or
products obtained from milk which give an end-product with similar physical,
chemical and organoleptic characteristics as the product defined under (a).”

The main step in cheese-making, the coagulation of the casein component, is
achieved using one of the following methods, or a combination of these meth-
ods: a) limited proteolysis using enzymes; b) acidification by adding acids or a
starter culture; and c) acidification combined with heating to about 90 °C (Fox and
McSweeney, 2004; Henning et al., 2006). The majority of cheeses are produced by
enzymatic (rennet) coagulation; rennet from the stomachs of young calves, kids,
lambs and buffalo was traditionally used (Fox and McSweeney, 2004).

The coagulated milk, the curd, can be separated from the whey in several ways.
For Camembert (defined in CODEX as a “soft surface ripened, primarily mould
ripened cheese”), the curd is ladled into moulds and kept overnight while the whey
is slowly drained off; the moulds are turned regularly to allow the whey to drain.
In some other cheeses, the curd is cut into cubes while being heated, causing it to
float in the whey. The whey is drained off, while the curd is subjected to syneresis
(dehydration); this involves cutting the coagulum, cooking, stirring, pressing, salt-
ing and other operations that promote gel syneresis (Fox and McSweeney, 2004).
The final stages are shaping (moulding and pressing) and salting, which contributes
to the dehydration process (about 2 kg of water is lost per kg of NaCl taken up)
(Fox and McSweeney, 2004).

Cheeses are also classified according to the post-coagulation operations they
have undergone (Table 3.9). The majority of rennet-coagulated cheeses are subjected
to ripening. According to the CODEX general standard for cheese (FAO and
WHO, 2010g):

“Ripened cheese is cheese which is not ready for consumption shortly after
manufacture but which must be held for such time, at such temperature, and

TABLE 3.9
CODEX designation of cheese according to firmness and ripening characteristics

According to firmness

MFFB % * Designation According to principal ripening
<51 Extra hard Ripened
49-56 Hard Mould ripened
54-69 Firm/semi-hard Unripened/fresh
>67 Soft In brine

* MFFB equals percentage moisture on a fat-free basis, i.e.
[Weight of moisture in the cheese/(Total weight of cheese — Weight of fat in the cheese)] x 100
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under such other conditions as will result in the necessary biochemical and
physical changes characterising the cheese in question.

Mould ripened cheese is a ripened cheese in which the ripening has been
accomplished primarily by the development of characteristic mould growth
throughout the interior and/or on the surface of the cheese.

Unripened cheese including fresh cheese is cheese which is ready for consumption
shortly after manufacture”.

CODEX provides the following example: “The designation of a cheese with
moisture on a fat-free basis of 57 percent which is ripened in a manner similar in
which Danablu (Danish blue cheese) is ripened would be: ‘Mould ripened firm
cheese or firm mould ripened cheese.””

Other examples from CODEX:

* Unripened (fresh) cheese: Mozzarella (made by “pasta filata” processing,
which consists of heating curd of a suitable pH value and then kneading and
stretching the curd until it is smooth and free from lumps. Still warm, the
curd is cut and moulded, then firmed by cooling)

» Soft, rind less, unripened cheese: Cottage cheese

» Soft surface ripened, primarily mould ripened cheese: Camembert,
Coulommiers

» Soft surface ripened, primarily white mould ripened cheese: Brie

* Ripened firm/semi-hard cheese: Saint-Paulin, Edam, Gouda, Provolone,
Tilsiter, Danbo, Havarti

» Ripened hard cheese: Samsg, Emmental, Cheddar.

Blue cheeses are characterized by the growth of the mould Penicillium roqueforti,
which gives them their typical appearance and flavour (Cantor et al., 2004). Most sheep
milk cheeses are either uncooked blue-veined hard cheeses (e.g. Roquefort) or pressed
cheeses (e.g. Ossau-Iraty), while goat milk cheeses are generally soft ripened cheeses or
soft lactic cheeses (e.g. Rocamadour). For a review, see Raynal-Ljutovac et al. (2008).

Regarding the declaration of milk fat content in cheese, CODEX states the following:

“The milkfat content shall be declared in a manner found acceptable in the
country of sale to the final consumen, either (i) as a percentage by mass, (ii) as
a percentage of fat in dry matter, or (i1i) in grams per serving as quantified in
the label provided that the number of servings is stated.

Additionally, the following terms may be used:

High fat (if the content of FDM [fat in dry matter] is above or equal to 60%)
Full fat (if the content of FDM is above or equal to 45% and less than 60%)
Medium fat (if the content of FDM is above or equal to 25% and less than 45 %)
Partially skimmed (if the content of FDM is above or equal to 10% and less
than 25%)

Skim (if the content of FDM is less than 10%)”

Nutrient profile of cheese and the impact of cheese-making on nutrient profiles
Cheese contains high levels of essential nutrients relative to its energy content,
although the nutritional profile varies with the type of milk, the type of starter
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culture, the method of manufacture and ripening conditions (Henning ez al., 2006).
Table 3.10 gives the nutrient composition of a few representative cheeses.

About 10 litres of milk are required to produce 1 kg of cheese, and during the
process the water-soluble material (whey proteins and water-soluble vitamins) are
separated from the casein, fat and salts (Wigertz, Svensson and Jagerstad, 1997). The
casein remains in the curd, but caseins are low in sulphur-containing amino acids
and the nutritional value of cheese protein is slightly lower than that of total milk
protein (Henning et al., 2006). Not more than 75 percent of the total protein in milk
is recovered in rennet-coagulated cheeses (Fox and McSweeney, 2004). Some whey
can remain trapped within the curd, contributing to increased supplies of essential
amino acids such as cysteine, isoleucine, leucine, lysine, threonine and tryptophan
(Raynal-Ljutovac et al., 2008). Newer methods in cheese-making attempt to increase
the nutrient value of cheese by including the whey proteins in the curd. Methods used
to achieve this include heat-treatment to denature the whey proteins (causing them to
form protein aggregates with k-casein), adding the whey proteins at a later stage of the
manufacturing process and ultrafiltration, especially in the case of semi-hard or soft
cheeses, e.g. feta, a soft, white cheese ripened in brine, manufactured from sheep milk,
or a mixture of sheep and goat milk (Manolopoulou et al., 2003; Guyomarc’h, 2006).

Most milk used in cheese-making is pasteurized, usually immediately before use
(Fox and McSweeney, 2004). During pasteurization, whey proteins are denatured
(as discussed in Section 3.3.2) and the resulting B-lactoglobulin—k casein entraps
denatured whey proteins, which may lead to some minor differences in amino acid
profiles between lactic cheese and soft cheese (Henry er al., 2002 cited in Raynal-
Ljutovac et al., 2008).

A progressive breakdown of casein during ripening is reported to increase its
digestibility (Henning et al., 2006). Moreover, proteolysis induced by fermentation
and ripening increases amounts of bioactive peptides and free amino acids present in
the cheese. The free amino acids present in goat cheese are glutamic acid, leucine and
lysine (Bordet, 1990 and Casalta et al., 2001, cited in Raynal-Ljutovac et al., 2008).

The loss in vitamins induced by pasteurization was discussed in Section 3.3.2.
Water-soluble vitamins are lost in the whey; high folate content is reported in
whey products (Wigertz, Svensson and Jagerstad, 1997). These authors found little
5-methyltetrahydrofolate (5-CH3THE, the major form of folate in milk) in hard
cheeses (115-181 pg/kg after deconjugation), but much more in cottage cheese
(average 215 pg/kg), which has a considerable amount of whey remaining with the
cheese plus has pasteurized cream added to the final product (Wigertz, Svensson and
Jagerstad, 1997). Whey cheeses contained 344-506 pg/kg 5-CH3THF after deconju-
gation. According to these authors, folate concentrations in cheese are likely to be
low, in part because of losses in the whey. However, they concede that, depending
on the strains of organisms used and the manufacturing procedure, folate may actu-
ally be synthesized, as reported by other authors. A high content of both vitamin
B and folate was reported in ripened goat milk cheeses (Raynal-Ljutovac et al.,
2008), which the authors say suggests synthesis by micro-organisms. They say that
these results corroborate the results of Lucas er al. (2006a), who found a high folate
content in Rocamadour (1 010 pg/kg) compared with pressed cow milk cheeses, and
Favier and Dorsainvil (1987), who found a high folate content especially in the rind
of soft lactic goat milk cheeses. According to Raynal-Ljutovac et al. (2008), the high
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TABLE 3.10
Main nutrient composition in common cheeses (g/100 g)
Water Energy Energy Protein Total fat Lactose
(9) (keal) (kJ) (9) (9) (9)
average 435 356 1486 21.0 29.9 0.4
Blue cheese*
range 38.0-50.8 324-410 1 356-1 698 19.1-23.7 27.1-35.0 0.1-1.0
average 48.8 331 1381 20.0 27.9 0.3
Brie
range 48.42-49.3 319-343 1336-1422 19.3-20.8 26.9-29.1 0.1-0.45
average 51.9 297 1241 20.9 23.7 0.2
Camembert
range 50.5-54.4 286-312 1 200-1 304 19.6-22.6 21.7-26.2 0.1-0.5
average 36.5 406 1696 25.1 33.7 0.3
Cheddar
range 34.0-38.5 381-427 1594-1 786 24.2-26.2 31.0-36.6 0.1-0.5
Cottage average 79.3 99 415 124 4.4 2.2
cheese range 78.6-79.8 94-103 393-433 11.1-13.7 3554 1.0-3.1
average 46.1 338 1409 23.0 26.6 2.2
Gouda
range 41.5-50.8 320-356 1329-1 489 21.1-24.9 25.8-27.4 2.2-2.2
average 41.5 353 1472 26.6 27.1 0.8
Edam
range 39.0-43.8 341-360 1416-1 507 25.0-28.1 26.0-27.8 0.1-1.4
average 56.1 254 1059 16.1 20.2 1.8
Feta
range 54.9-57.1 249-264 1037-1 105 14.2-19.4 19.2-21.3 0.5-4.1
average 53.9 275 1148 221 20.3 0.5
Mozzarella'
range 49.7-58.8 253-300 1 058-1 255 16.7-28.9 17.7-24.4 0.1-1.0
average 27.3 402 1679 37.6 27.2 0.5
Parmesan
range 16.0-36.4 356-444 1488-1 860 33.6-44.9 24.1-29.7 0.1-0.9
Ricotta average 73.4 155 651 9.7 11.6 25
(whey
cheese)? range 71.7-75.7 144-174 603-728 8.8-11.3 10.9-13.0 0.3-4.2
Pecorino
(sheep average 34.0 392 1 640 25.8 32.0 0.2
cheese)
Goatcheese,  overage 29.0 452 1891 305 35.6 2.2
Goat cheese average 55.8 294 1225 19.8 234 0.9
soft range 60.8-50.8  268-320  1121-1329  185-21.1  21.1-258 0.9-0.9

The data were obtained (where available) from the following databases: USDA, Food Standards Agency/McCance and Widdowson,
Danish Food Composition Databank, New Zealand food composition tables, Italian Food Composition database. The number of data

points varied.

* Blue cheese includes Roquefort (sheep milk), Stilton, Gorgonzola and Danish Blue (Danablu).
" Includes milk from cow and buffalo.
2 Includes milk from cow and sheep.
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folate content of these cheeses are of nutritional importance given the lack of this
compound in raw goat milk. B vitamins may either be produced by yeasts (mainly
Saccharomyces species) or lactic acid bacteria, the amount depending on bacte-
rial strains (Raynal-Ljutovac et al., 2008) and manufacturing procedures (Wigertz,
Svensson and Jigerstad, 1997). For instance, in yoghurts, Streptococcus thermophilus
and Lactobacillus acidophilus produce folic acid whereas Lactobacillus bulgaricus
consume it (Forssen et al., 2000, cited in Raynal-Ljutovac et al, 2008). The authors
note that “as the type of ripening strains and ripening parameters (e.g. temperature/
time) may differ between each class of products, it may induce variations in B vitamin
contents and especially high folate content for raw milk ripened lactic cheeses”.
Vitamin data are scarce for sheep milk cheeses (Raynal-Ljutovac ez al., 2008).

Whey contains up to 94 percent of the lactose, much of which is lost in cheese-
making. The remaining lactose is partially transformed into L-lactate or D-lactate
(Trujilllo et al., 1999, cited in Raynal-Ljutovac et al, 2008), or into glucose and
galactose on cheese-making. These residual carbohydrates found in fresh cheeses
disappear with increasing ripening time (Raynal-Ljutovac et al, 2008). Lactose
content in cheese is generally less than 1 g/100 g, with a few exceptions (Table 3.10).
Ricotta has a high lactose content as it is made from milk whey.

The curd contains almost 95 percent of the fat, and during cheese-making the
fat is concentrated between 6- and 12-fold, depending on cheese variety (Fox and
McSweeney, 2004). A study on goat and sheep milks and cheeses obtained from
French dairies or farms found no significant differences between the FA profile of the
milks and those of the full cream cheeses Roquefort (an uncooked blue-veined hard
cheese made from sheep milk) and Ossau-Iraty (pressed cheese made from sheep
milk), which indicated that the FA profiles of these cheeses were directly related
to those of the parent milks (Raynal-Ljutovac et al., 2008). Given this relationship
between milk and FA profiles, goat and sheep cheeses contain higher levels of short-
and medium-chain FAs than do cow milk cheeses (Raynal-Ljutovac ez al., 2008).

The average CLA content in cheese is reported to be 0.5-1.7 g/100 g of total FAs
(Henning et al., 2006). The CLA content in sheep cheeses has been reported to be
higher than that of cow or goat milk cheeses (Prandini, Sigolo and Piva, 2011), with
average values of 0.6, 0.7 and 1.0 g of CLA/100 g total FA in cow, goat and sheep
cheeses, respectively. A review on the influence of processing on CLA content
in dairy products concluded that no changes in the CLA content occurs during
manufacturing or ripening of cheese (Bisig et al., 2007). A similar conclusion was
reached by Prandini, Sigolo and Piva (2011). Although the content of nutritionally
interesting FAs such as CLA can be increased by lipid supplementation of the goat
diet, this may be accompanied by a change in cheese flavour (Chilliard and Ferlay,
2004, Chilliard ez al., 2005 and Chilliard ez al., 2006a, cited in Raynal-Ljutovac et
al., 2008).

A similar result was reported for the trans-FA content in Emmental cheeses
made from milk produced by cows on three different diets (Briard-Bion er al.,
2008). The trans-FA content varied from 4-10 g/100 g total fat depending on the
diet, and was not significantly different (P < 0.05) from those in the parent milks.
Therefore, neither the thermal and mechanical treatments applied during processing
nor the enzymatic and chemical reactions occurring during ripening had any effect
on the trans-FA content.
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Contents of other fat soluble compounds such as B-carotene (for cow milk
cheese), xanthophylls and vitamin E have also been shown to depend on the original
milk composition, rather than on cheese processing (Lucas et al., 2006a, 2006b,
cited in Raynal-Ljutovac er al., 2008). However, vitamin A content was partially
influenced by both the original milk composition and the cheese-making process
(Lucas er al., 2005, cited in Raynal-Ljutovac et al., 2008).

Mineral contents vary with cheese type. The strong decrease in pH occurring
early in the production process of some types of cheeses (during coagulation) make
calcium, phosphorus and zinc (mainly bound to caseins) soluble and these are there-
fore lost with the whey during draining (Raynal-Ljutovac ez al., 2008). Potassium
and magnesium, which are essentially soluble, also decreased as dry matter increased
through pressing or aging (Raynal-Ljutovac et al, 2008). An acid-coagulated
fresh cheese like cottage cheese contains 83 mg of calcium/100 g, compared with
720 mg/100 g in a hard cheese like cheddar (USDA, 2009). The calcium in cottage
cheese is mainly from the whey that remains with the curd after processing. All
lactic goat cheeses were found to have similar calcium contents, showing an overall
similar demineralization (Raynal-Ljutovac et al., 2008). Magnesium concentrations
in fresh lactic goat cheeses were reported to be similar to that in goat milk, while
Camembert-type cheeses were reported to contain higher quantities of magnesium
(Raynal-Ljutovac et al., 2008). Selenium concentration was reported to depend on
its availability in soil for assimilation by grass and its further recovery in milk and
cheeses; selenium is then concentrated by the drying (ripening) effect (Pizzoferrato,
2002, cited in Raynal-Ljutovac et al., 2008).

Studies on the bioavailability of minerals from cheese have reported few dif-
ferences between milk and cheese. Furthermore, few differences in the absorption
coefficient of calcium (in humans) between milk and other dairy products such as
hard cheese (Cheddar) or fresh cheeses have been reported (Guéguen and Pointil-
lart, 2000, cited in Raynal-Ljutovac ez al., 2008).

3.3.5 Butter and ghee
Butter of cow milk (0886): Emulsion of milk fat and water that is obtained by
churning cream. Trade data cover butter from the milk of any animal.

Butter of buffalo milk (0952): No definition.
Butter of goat milk (1022): No definition.
Butter and ghee of sheep milk (0983): No definition.

Ghee from cow milk (0887): Butter from which the water has been removed. Very
common in hot countries. Includes also anbhydrous butterfat or butter oil.

The heat treatment involved in the manufacturing process for ghee and the very
low moisture content of the final product prevents the growth of most micro-
organisms in ghee. Therefore, ghee has a shelf-life of 6-8 months, or even up to
2 years according to some reports. Ghee has been produced in India since 1500 BC
(Achaya, 1997, cited in Sserunjogi, Abrahamsen and Narvhus, 1998). Ghee is widely
used in the Indian subcontinent as a cooking and frying medium. Nearly 40 percent
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of the world’s butter/ghee is produced in India, with a total of 3.8 million tonnes in
2009 (FAOSTAT). While Indian ghee is made from cow or buffalo milk, or a mix-
ture of these milks, Middle Eastern ghee is mainly from goat, sheep or camel milks
and is known by the names of maslee, roghan and samn (Sserunjogi, Abrahamsen
and Narvhus, 1998). Other indigenous products related to ghee include samna
(Egypt), meshho (an Assyrian non-perishable milk fat), Ethiopian indigenous ghee,
samin (Sudan) and samuli (Uganda).

Nutrient profile of butter and ghee

Approximately 81 percent of butter and 99.5 percent of ghee consists of fat (see
Table 3.7). According to the FAOSTAT Food Balance Sheets, butter and ghee
provide a global average of 28 kcal of energy/capita per day and 3.2 g of /capita per
day, ranging from 67-90 kcal of energy/capita per day and 8-10 g of fat/capita per
day in Europe and Oceania to only 7 kcal of energy/capita per day and 1 g of fat/
capita per day in Africa.

Ghee contains large amounts of fat-soluble vitamins: 100 g of ghee is reported to
have a vitamin A content of 600 pg RE (INFS/WEFP, 1988), 8 pg of vitamin D and
2.8 mg of vitamin E (Sserunjogi, Abrahamsen and Narvhus, 1998). Based on the
CODEX guide to food labelling (FAO and WHO, 2001), ghee can be labelled as
high in both vitamin A and vitamin D (CODEX does not have a Nutrient Reference
Value for vitamin E).

The FA profiles are generally similar in ghee made from cow and sheep milk
(Al-Khalifah and Al-Kahtani, 1993). Although the FA content of the original milks
is not known, values for SFA content suggest that the FA profile is similar to that of
the parent milks. Palmitic (C16:0) and oleic (C18:1) acids are the main FAs in both
cow and sheep milk ghee (Al-Khalifah and Al-Kahtani, 1993).

The CLA content is reported to be higher in ghee than in the parent milk fat
(Aneja and Murthi, 1991, cited in Sserunjogi, Abrahamsen and Narvhus, 1998; Bisig
et al., 2007) and can be increased by up to fivefold by increasing the temperature
of clarification from 110 °C to 120 °C. No such changes were reported in the
manufacture of butter (Bisig et al., 2007). Butter and ghee are the richest source of
CLA (Sserunjogi, Abrahamsen and Narvhus, 1998). Ghee is also reported to contain
essential FAs (Rangappa and Achaya, 1974, and Chand ez al., 1986, cited in Kumar
et al., 2010). The cholesterol content is reported to range from 200-400 mg/100 g in
ghee from cow, sheep and buffalo milks (Al-Khalifah and Al-Kahtani, 1993; Kumar
et al., 2010), compared with about 10 mg/100 g in milk.

3.3.6 Cream
Cream, fresh (0885): That portion of milk which is rich in milk fat and is separated
by skimming or centrifuging.

The CODEX standard for cream and prepared creams (FAO and WHO, 2010h)
defines cream, reconstituted cream, recombined cream and prepared creams (pre-
packaged liquid cream, whipping cream, cream packed under pressure, whipped
cream, fermented cream and acidified cream) as follows:

“Cream is the fluid milk product comparatively rich in fat, in the form of an
emulsion of fat-in-skimmed milk, obtained by physical separation from milk.
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Reconstituted cream is cream obtained by reconstituting milk products with
or without the addition of potable water and with the same end product
characteristics as the product described above.

Recombined cream is cream obtained by recombining milk products with
or without the addition of potable water and with the same end product
characteristics as the product described in (cream).

Prepared creams are the milk products obtained by subjecting cream,
reconstituted cream and/or recombined cream to suitable treatments and
processes to obtain the characteristic properties as specified below:
Pre-packaged liquid cream is the fluid milk product obtained by preparing
and packaging cream, reconstituted cream and/or recombined cream for direct
consumption and/or for direct use as such.

Whipping cream is the fluid cream, reconstituted cream and/or recombined
cream that is intended for whipping. When cream is intended for use by the
final consumer the cream should have been prepared in a way that facilitates
the whipping process.

Cream packed under pressure is the fluid cream, reconstituted cream and/or
recombined cream that is packed with a propellant gas in a pressure-propulsion
container and which becomes Whipped Cream when removed from that
container.

Whipped cream is the fluid cream, reconstituted cream and/or recombined
cream into which air or inert gas has been incorporated without reversing the
fat-in-skimmed milk emulsion.

Fermented cream is the milk product obtained by fermentation of cream,
reconstituted cream or recombined cream, by the action of suitable micro-
organisms, that results in reduction of pH with or without coagulation.
Where the content of (a) specific micro-organism(s) is (are) indicated, directly
or indirectly, in the labelling or otherwise indicated by content claims in
connection with sale, these shall be present, viable, active and abundant in the
product to the date of minimum durability. If the product is heat-treated after
fermentation the requirement for viable micro-organisms does not apply.
Acidified cream is the milk product obtained by acidifying cream, reconstituted
cream and/or recombined cream by the action of acids and/or acidiry regulators
to achieve a reduction of pH with or without coagulation.”

According to the FAOSTAT Food Balance Sheets, globally cream provides an
average 2 kcal of energy/capita per day and 0.2 g of fat/capita per day, ranging from
17 keal of energy/capita per day and 1.7 g of fat/capita per day in Europe to less than
2 kcal of energy/capita per day and less than 0.2 g of fat/capita per day in the rest of
the world. Values for the main nutrients in cream are given in Table 3.7.

3.3.7 Whey products

Whey, fresh (0903): The liguid part of the milk that remains after the separation of
curd in cheese making. Its main food use is in the preparation of whey cheese, whey
drinks and fermented whey drinks. The main industrial uses are in the manufacture
of lactose, whey paste and dried whey.
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Whey is rich in whey proteins, water-soluble vitamins and lactose. Two types of
whey exist: acid whey, obtained during the production of acid-coagulated cheeses
such as cottage cheese, and sweet whey, from the manufacture of rennet-coagulated
cheese. Acid whey contains twice as much calcium as sweet whey.

Whey, condensed (0890): Whey paste.

Whey, dry (0900): Used in both food and animal feed.

The CODEX standard for whey powders (FAO and WHO, 20101), defines the
composition of sweet whey as follows:

» Jactose: reference content of 61 percent

* milk protein: minimum content 10 percent

* milk fat: reference content 2 percent

* water: maximum content 5 percent

* ash: maximum content 9.5 percent.

The composition of acid whey is defined as follows:
= Jactose: reference content of 61 percent

* milk protein: minimum content 7 percent

* milk fat: reference content 2 percent

= water: maximum content 4.5 percent

* ash: maximum content 15 percent.

Whey cheese (0905): No definition given.
The CODEX standard for whey cheeses (FAO and WHO, 2010j) states that:

“Whey Cheeses are solid, semi-solid, or soft products which are principally
obtained through either of the following processes:

(1) the concentration of whey and the moulding of the concentrated product;
(2) the coagulation of whey by heat with or without the addition of acid.

In each case, the whey may be pre-concentrated prior to the further
concentration of whey or coagulation of the whey proteins. The process may
also include the addition of milk, cream, or other raw materials of milk
origin before or after concentration or coagulation. The ratio of whey protein
to casein in the product obtained through the coagulation of whey shall be
distinctly higher than that of milk.

The product obtained through the coagulation of whey may either be ripened
or unripened.”

It also gives the following standards for fat in whey cheeses (dry-matter basis):
= creamed whey: cheese minimum 33 percent

» whey cheese: minimum 10 percent and less than 33 percent

» skimmed-whey cheese: less than 10 percent.

Lactose (0173): Also known as milk sugar. Produced commercially from whey.
Other products produced from whey include whey protein concentrate and
whey protein isolate.
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3.3.8 Casein
Casein (0917): The main protein constituent of milk. Casein is obtained from
skimmed milk by precipitation (curdling) with acids or rennet.

The CODEX standard for edible casein products (FAO and WHO, 2010k)
specifies acceptable composition of rennet casein, acid casein and caseinates.
Caseins are low in sulphur amino acids, which limits their biological value (Fox and
McSweeney, 1998).

3.3.9 Milk products from milk from underutilized species

With the exception of some fermented milks and milk powder made from mare
milk, most of the milk products presented in the preceding sections are made from
milk from common dairy animals (cow, sheep, goat and buffalo). Data on milk
products from milk from underutilized species are less common in literature, and
are outlined below.

Reindeer milk

Reindeer milk is important in the summer diet of herders, dried in curd form, or
made into cheese, butter and sour cream. The fat content increases significantly as
lactation progresses (see Section 3.2.3). The milk from the first part of the lactation
is drunk, milk from mid-lactation is used for cheese-making and milk from late
lactation is churned to produce butter (Holand, Gjostein and Nieminen, 2006).

Yak milk

Mongolian people use yak milk to produce a range of food products, including the
fermented milk products kurut (Section 3.3.3) and koumiss, yoghurt, fresh cheese
and two types of butter, one of which is used for daily consumption. The other,
consisting of protein and fat, is called “white butter” and is used as food during
the winter in mixtures with sugar and other products (Indra and Magash, 2002).
Yak cheese (a hard, Swiss-style Gruyére cheese) is produced in Nepal, Mongolia,
Bhutan, India and Pakistan (FAO, 2003), with the yak cheese industry being of
significant importance for rural income and employment in Nepal.

Camel milk

Although most camel milk is consumed raw or in the form of fermented milk, com-
mercial farms supply fresh pasteurized milk in Saudi Arabia (Mehaia ez al., 1995).
Bactrian camel milk is used for making cheese, butter and yoghurt in Mongolia
(Jirimutu et al., 2010). Studies on dromedary camel milk report that camel milk is
less favourable for cheese-making than cow, sheep and goat milk because it does not
produce a curd but rather produces flakes that lack firmness (Mehaia, 1997; Bornaz
et al., 2009). Dromedary camel milk has been shown to be suitable for butter-
making, despite the belief among many camel-rearing societies that butter cannot
be made from camel milk (Streiff and Bachmann, 1989). The authors note that camel
cream has different churning properties to cream from cow milk and attribute these
differences to the high melting point of camel fat and small size of camel milk fat
globules. Bedouin in the Negev desert make ice cream from camel milk (Guliye,
Yagil and DeB Hovell, 2000), which is sold to tourists.
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Other milks
No milk products have been reported from llama, alpaca, mithun or moose milks.

3.4 KEY MESSAGES

Cow milk is energy-dense and provides high-quality protein. It can make a signifi-
cant contribution to meeting the required nutrient intakes of calcium, magnesium,
selenium, riboflavin, vitamin By, and pantothenic acid. However, cow milk does
not contain sufficient iron and folate to meet requirements, and animal milks are
not recommended for infants younger than 12 months. The total fat in cow milk
generally ranges between 3 and 4 g/100 g, with SFAs comprising 65-75 g/100 g of
total FA. Values for trans-FA lower than 10 g/100 g total FA are reported, varying
with feed.

Milks from other dairy species are also generally a source of protein and are either
high in or a source of calcium. Sheep, mare and donkey milks can be considered
sources of vitamin C. Sheep, goat, buffalo and Bactrian camel milks are high in or a
source of riboflavin. Buffalo milk is high in vitamin B¢, while buffalo, Bactrian camel
and goat milks can be sources of vitamin A. Bactrian camel milk is high in vitamin D.

There are large interspecies differences in nutrient composition: species averages
for total fat range from 0.7 to 16.1 g/100 g, protein ranges from 1.6 to 10.5 g/100 g
and lactose ranges from 2.6 to 6.6 g/100 g. The two extremities are cervid (e.g. rein-
deer and moose) milks (high in protein and fat, low in lactose) and equine milks (low
in protein and fat, high in lactose).

Milk FA composition also varies with species. While most milks contain large
amounts of SFA (>65 g/100 g total FA), horse, donkey and Bactrian camel milks
have been reported to contain less (40-55 g/100 g total FA). The individual SFA
pattern also varies with species, e.g. goat and sheep milks are rich in short- and
medium-chain FAs of 4-10 carbon atoms. Equine milks have a higher polyunsatu-
rated FA content than other milks (more than 20 g/100 g total FA in equine milks
compared with about 6 g/100 g total FA in cow milk).

There are also interspecies variations in milk proteins. The casein:whey-protein
ratio in most milks is approximately 80:20, although equine milks resemble human
milk in their relatively low content of caseins (40-45 percent). The individual
proteins also vary, making camel milks and equine milks possibly more suitable for
people who are allergic to cow milk.

Heat treatment is associated with changes in nutrients. Losses in vitamin C,
folate, thiamine, pyridoxine and vitamin Bj, occur, the percentage loss generally
depending on severity of heat treatment, in the order sterilization > UHT treat-
ment > pasteurization.

In fermented milks the lactose content is lower, and both lactose and milk proteins
are more easily digestible than in the original milk. The folate content in yoghurt,
dahi and fermented milks can sometimes be higher than in the original milk.

During traditional cheese-making, the milk whey, which contains whey proteins,
water-soluble vitamins and much of the lactose, is removed, while the curd contains
casein, fat and salts. Progressive breakdown of casein during ripening may increase
the digestibility of cheese, and beneficial bioactive peptides and free amino acids
may be formed during fermentation and ripening processes. Mineral contents vary
with cheese type.
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3.5 |ISSUES AND CHALLENGES

Milk composition is affected by various factors including stage of lactation,
breed differences, number of calvings (parity), seasonal variations, age and health
of animal, feed and management effects, which makes it difficult to compare
compositional data (in absolute terms) between studies. In order to permit such
meta-analyses published studies should include information on the above factors,
analytical methods used and, where possible, have a control group for comparison.

Animal feed strategies and genetic improvement methods are likely to be
increasingly used to modify milk composition, for example to tailor the milk fat
composition to meet specific needs. Further research on the nutritional and food
safety implications is needed.

The importance of biodiversity in strengthening food security and nutrition is
increasingly apparent. More data are needed at breed level and on underutilized spe-
cies to develop the knowledge base on livestock biodiversity to help to maintain local
species and breeds that may otherwise become extinct, and to ensure that breeders
and livestock rearers can identify breeds and species that meet their specific needs.

Recent estimates have shown that the dairy sector accounts for 4 percent of total
anthropogenic anthropogenic greenhouse gas (GHG) emissions, with methane
accounting for over half of total emissions (FAO, 2010). Monogastric animals
such as horses and donkeys emit less methane as part of their digestive processes,
and thus offer possibilities of reducing GHG emissions while maintaining milk
production. Further studies on the production and composition of their milk may
be important for future decision-making for sustainable diets.
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ABSTRACT

This chapter reviews the health aspects of cow milk and dairy products in the
human diet. The first section presents milk as a source of macro- and micronutri-
ents, and nutrient composition of milk with respect to nutritional requirements is
discussed. The section on dairy in growth and development considers effects on
children’s linear growth; milk’s role in treatment of undernutrition; milk in the
diets of well-nourished children; and secular trend of increasing adult height. Pos-
sible mechanisms for growth-stimulating effects of milk are presented. The section
on bone health looks at dietary factors that affect bone health, with emphasis on
calcium, vitamin D and protein. Studies looking at the effects of milk/calcium on
bone mineral density are presented, followed by findings on the effects of dairy
on osteoporosis, fracture and rickets. Anticariogenic properties of milk and dairy
products are also considered. The relationship between dairy intake, weight gain
and obesity development is considered, which includes the association between
dairy intake and weight status, and dairy as part of a weight loss strategy. The role
of dairy in metabolic syndrome and type 2 diabetes is also covered. In the section
on cardiovascular disease (CVD) and dairy, we consider the effects of dietary fat on
CVD, and look at studies that support reducing animal products and the argument
for low-fat versus high-fat dairy products. Results from recent review studies on
milk/dairy consumption with respect to CVD are presented. Other dairy products
and risk of CVD are also briefly visited. The role of dairy products and calcium at
different cancer sites are discussed, drawing on the findings of the World Cancer
Research Fund (WCRF)/American Institute for Cancer Research (AICR). Milk
hypersensitivity, attributed to either lactose malabsorption or cow milk allergy is
discussed. Finally, the role of dairy in the dietary recommendations of 42 countries
is discussed, and the wide variation in guidelines regarding the type of dairy (e.g.
low- vs. high-fat, and dairy products such as milk, butter, etc.) and amount and
frequency of consumption noted.
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4.1 INTRODUCTION

Milk and dairy foods are nutrient-dense foods supplying energy and significant
amounts of protein and micronutrients. The inclusion of dairy products adds
diversity to plant-based diets. However, the role of milk and dairy products in
human nutrition has been increasingly debated in recent years, both in the scientific
literature and in popular science literature.

The primary role of milk is to nourish the infants of a species. The consump-
tion of animal milk is a by-product of animal domestication, which occurred
about 10 000 years ago. For early humans, the advantages of milk consumption
and its effects on growth and bone health were likely to have been of considerable
importance while its effects on chronic diseases later in life had limited relevance to
reproduction and survival. In contrast, for contemporary human populations, while
childhood growth and bone strength are important for health, it is the effects of
milk and dairy consumption on individual well-being and on chronic diseases and
their associated economic costs that are of greater relevance (Elwood er al., 2008).

Milk is a complex food containing numerous nutrients. Most of the constituents
in milk do not work in isolation, but rather interact with other constituents. Often,
they are involved in more than one biological process, sometimes with conflicting
health effects, depending on the process in question. One such example is milk
fat. The traditional diet-heart paradigm, developed in the 1960s and 1970s, held
that consumption of fat, and saturated fat in particular, raised total cholesterol and
low-density lipoprotein (LDL) cholesterol levels, leading to coronary heart disease
(CHD) (Mozaffarian, 2011). Some of the evidence that is often cited to support
reduced consumption of animal fat will be briefly discussed in Section 4.8. Currently,
many national and international bodies recommend consumption of lower-fat dairy
foods. However, the scientific rationale behind this recommendation is still debated.
As one author says, “Due to the small rise in blood cholesterol with milk drinking,
the debate on milk has never achieved a reasonable balance on the evaluation of risks
and benefits” (Elwood et al., 2010). It is also important to remember that dietary
fats, in addition to being a concentrated energy source, serve as an important deliv-
ery medium for fat-soluble vitamins and contain various fatty acids (e.g. conjugated
linoleic acid [CLA]) and bioactive factors beneficial to health (e.g. triacylglycerols
and phospholipids) (German and Dillard, 2006; Kris-Etherton, Fleming and Harris,
2010). Similarly, to consider even saturated fatty acids (SFAs) as one uniform group
of fats may be an over-simplification (FAO and WHO, 2010; Feinman, 2010), since
individual fatty acids (FAs) have specific functions depending on their chain length.

This chapter summarizes the available evidence on the relationship between
dairy consumption and health. The majority of published papers (including much of
the epidemiological evidence) relate to milk; therefore, this chapter deals primarily
with milk, with other dairy products being covered in less detail. With few excep-
tions, we comment on the findings of the most recent review papers, which included
both systematic reviews and narrative reviews, rather than on individual studies. As
it was not possible to conduct a systematic review of the literature because of the
broad scope of material covered in this chapter, where appropriate we have referred
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to systematic reviews/recommendations provided by other learned bodies, such as
the FAO/WHO 2010 expert consultation on fats and fatty acids (FAO and WHO,
2010); the FAO/WHO expert consultation on vitamin and mineral requirements
(FAO and WHO, 2002); WHO/FAO expert consultation on diet, nutrition and the
prevention of chronic diseases (WHO and FAO, 2003); the World Cancer Research
Fund/American Institute for Cancer Research report on food, nutrition, physical
activity and the prevention of cancer (WCRF and AICR, 2007); the European Food
Safety Authority (EFSA) Panel on Dietetic Products, Nutrition, and Allergies; the
United States National Cholesterol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults; and the World
Allergy Organization Diagnosis and Rationale for Action against Cow’s Milk
Allergy (DRACMA) guidelines (Fiocchi er al., 2010). This is particularly so for
areas such as Cardiovascular disease (Section 4.8) and Cancer (Section 4.9), where
we were compelled to depend on review studies rather than considering individual
studies because of the large amount of published literature on these topics.

4.1.1 Limitations of studies reviewed

In theory, only randomized control intervention studies can provide definitive
answers to questions about risks and benefits of milk consumption. For such studies
to show causation and a population health impact ideally they need to cover the life
span of the study subjects and involve large numbers of people. Such studies are
very costly and difficult to carry out for both ethical and methodological reasons
(Alvarez-Leén, Roman-Vifias and Serra-Majem, 2006; Elwood et al., 2010; Givens,
2010). Thus, in reality, the best evidence on the present-day associations between
milk and dairy consumption and health and survival come from high-quality pro-
spective studies.

Public health decisions need to be based on epidemiological evidence and not
just on effects on selected markers of risk (Alvarez-Ledn, Romdn-Vifias and Serra-
Majem, 2006; Givens, 2010; Mozaffarian, 2011) and results interpreted in the context
of all lifestyle issues such as dietary patterns (e.g. salt and fibre intake, consumption of
fruit and vegetables etc.), physical activity, and smoking (Givens, 2010; Mozaffarian,
2011). In addition, it is important to consider the foods that are replacing dairy in the
diets of people who choose to decrease dairy in their diets, i.e. the replacement foods
and nutrients. For example, while replacing SFAs in the diet with polyunsaturated
fatty acids (PUFAs) would be beneficial, replacing SFAs with refined carbohydrates
such as sugars and starch may increase CHD risk (Mozaffarian, 2011).

Many studies do not distinguish between high-fat and low-fat dairy consump-
tion, often because of inadequacies in the methods used to collect dietary data. Fur-
thermore, consumption patterns may change from high to low fat when studies take
place over long periods of time. Data from observational studies of consumption of
fat-free and full-fat dairy products may be difficult to interpret even when available
because people who choose to drink fat-reduced milk often adopt other “healthy”
behaviours, such as taking physical exercise, reducing smoking etc., which affects
their health status (Elwood er al, 2010). This is especially true for comparisons of
national food data with CHD incidence (German et al., 2009; Gibson et al., 2009).
Although these lifestyle factors are often controlled for in statistical models, there
may still be residual confounding factors (Tholstrup, 2006). Other discrepancies
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may arise as a result of different populations consuming different types of dairy
products; for example, low-fat vs high-fat milk, or cheese vs milk.

4.1.2 Interpreting study results

Interpreting results and formulating recommendations must take into account factors
such as age, gender, health status, level of physical activity and genetic background
of the targeted population. It is also important to keep in mind that the limited
sensitivity of dietary assessment instruments may prevent detection of an effect of a
single food in a mixed diet on clinical outcomes (Gibson et al., 2009). The cultural
and geographical context is also an issue because of the wide variation in the average
intake of dairy products; a high consumer in one context could be a low consumer
in another (Alvarez-Ledn, Romdn-Vifias and Serra-Majem, 2006). This highlights the
need to express dairy consumption in consistent units: current expressions include
pints, frequency per week, times per day and servings per week. Serving sizes dif-
fer between countries (Elwood et al., 2010; Soedamah-Muthu et al, 2011) and the
nutrient composition of dairy products may also vary between countries, depending
on factors such as species and breeds of dairy animals (see Chapter 3) and different
fortification policies.

4.2 MILK AS A SOURCE OF MACRO- AND MICRONUTRIENTS"
Milk intake may be a marker for diet quality because of its high nutrient content
(Barger-Lux et al., 1992; Fulgoni et al., 2007). The macro- and micro-nutrient com-
position of whole (full fat) milk and skimmed cow milk are given in Table 4.1 and
those of other dairy products are given in Table 4.2.13

Milk fat contributes about half of the energy in whole milk. For this reason,
animal milk can play an important role in the diets of infants and young children in
populations with a very low fat intake (Michaelsen ez al., 2011a), where the avail-
ability of other animal-source foods (ASF) is limited. However, it should be kept
in mind that breast milk is also a key source of energy and essential fatty acids, and
it is recommended that breastfeeding is continued, along with appropriate comple-
mentary foods, up to two years of age or beyond (WHO, 2003). Milk lipids are
carriers of fat soluble vitamins. Milk fat contains approximately 400 different fatty
acids, which make it the most complex of all natural fats (Mansson, 2008). The milk
fatty acids are derived almost equally from two sources: the feed and the microbial
activity in the rumen of the cow. Approximately 60 percent of the fatty acids are
saturated. The effects of fat and fatty acids in milk on human health are reviewed
in Section 4.7 et seq. and Chapter 5. Milk contains high-quality protein, defined as
including all the essential amino acids needed by humans. Some milk proteins have
been associated with allergies (see Section 4.10.2). Lactose, the principal carbohy-
drate in milk, will be discussed in Section 4.10.1.

17 This section covers milk as a source of nutrients. Health implications, both positive and negative, are
discussed elsewhere in this chapter and in Chapter 5.

18 Although data are presented per 100 g, portion sizes will differ between foods; for example, a serv-
ing of milk or yoghurt may be 1 cup (250 ml = 250 g, since both milk and yoghurt have a density
of ~1 g/ml), whereas a serving of cheddar cheese may be about 40 g. Both portion size and nutrient
content need to be considered when making comparisons between foods.



TABLE 4.1

Nutrient content of full fat and skim milk (per 100 g) and comparisons with recommended nutrient intakes for children aged 4-6 years

and females aged 19-50 years

Nutrient Whole 2 cups whole 2 cups whole Non-fat 2 cups non-fat 2 cups non-fat RNI/day RNI for females
milk* milk" vs RNI for milk vs milk3 milk vs. milk vs. for children 19-50 yr
children 4-6 yr>  RNI for females RNI for RNI for females 4-6 yr
19-50 yr children 4-6 yr 19-50 yr

Water (g) 87.69 90.84
Energy (kcal) 64 34
Energy (kJ) 268 142
Protein (g) 3.28 3.37
Lipid Total (g) 3.66 0.08
Ash (g) 0.72 0.75
Carbohydrate (g) 4.65 4.96
Calcium (mg) 119 vV v 122 vV v 600 1000
Iron (mg) 0.05 X X 0.03 X X bioasvig}é‘;f'ility) biogea(i}azbn/iolity)
Magnesium (mg) 13 Vv X 1 Vv X 73 220 mg
Phosphorus (mg) 93 101
Potassium (mg) 151 156
Sodium (mg) 49 42
Zinc (mg) 0.38 X 0.42 v v bioavaiiabiiy)  bioavaabiity
Copper (mg) 0.01 0.013
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TABLE 4.1 (continued)

Nutrient Whole 2 cups whole 2 cups whole Non-fat 2 cups non-fat 2 cups non-fat RNI/day RNI for females

milk* milk" vs RNI for milk vs milk3 milk vs. milk vs. for children 19-50 yr

children 4-6 yr>  RNI for females RNI for RNI for females 4-6 yr
19-50 yr children 4-6 yr 19-50 yr
Manganese (mg) 0.004 0.003
Selenium (mcg) 2 4 X 3.1 Vv 4 21 mcg 26 mcg
Vitamin C (mg) 1.5 X X 0 X X 30 mg 45 mg
Thiamin (mg) 0.038 X X 0.045 X X 0.6 mg 1.1 mg
Riboflavin (mg) 0.161 vV Vv 0.182 Vv v 0.6 mg 1.1 mg
Niacin (mg) 0.084 x X 0.094 X X 8 mg Niacin 14 mg
’ ’ Equivalents

Pantothenic acid 0.313 v X 0.357 v X 3mg 5mg
(mg)
Vitamin Bg (mg) 0.042 X X 0.037 X X 0.6 mg 1.3 mg
Folate (ug) 5 X X 5 X X 200 mcg 400 mcg
Choline Tot 15.6
Vitamin B (ug) 0.36 vV vv 0.5 vV vvv 1.2 mcg 2.4 mcg
Vitamin A (RAE) 33 X X 2 X X 450 RE 500 RE

* USDA, Cow milk: Milk, producer, fluid, 3.7 percent milk fat (NDB No. 01078).

T Two cups =500 ml. Nutrient content in 2 cups of milk compared with the recommended nutrient values (RNIs) from FAO/WHO 2002.

2 v'v'v =100 percent of RNI; v'v = 70-99 percent of RNI; v = 40-69 percent of RNI can be supplied by 2 cups of milk.
3 USDA, Cow milk: Milk, non-fat, fluid, without added vitamin A and vitamin D (fat free or skim) (NDB No. 01151)
RNI: recommended nutrient values from FAO/WHO 2002.
RE= retinol equivalents in pg = pg retinol + 1/6 pug p-carotene + 1/12 pg other provitamin A carotenoids. USDA values are for retinol activity equivalents, i.e. ug retinol + 1/12 pg p-carotene + 1/24 g
other provitamin A carotenoids. However, for milk most of the vitamin A is in the form of retinol (and the separate values for f-carotene and other provitamin carotenoids are not available), so
the USDA values may be directly compared with the recommended daily allowance (RDA) value.
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TABLE 4.2
Contents of selected nutrients (per 100 g) of whole milk, skim milk and other dairy foods

USDA food name Energy Energy Protein Total Fat Carbohydrates Calcium Sodium SFA MUFA PUFA Cholesterol
and food code (keal) (kJ) (9 ()] (9 (mg) (mg) () (9 (@ (mg)
Milk, producer, fluid, 64 268 3.3 3.7 4.7 119 49 2.3 1.1 0.1 14

3.7% milkfat (01078)

Milk, nonfat, fluid, 34 142 3.4 0.1 5.0 122 42 0.1 0.0 0.0 2
without added vitamin A

and vitamin D (fat free

or skim) (01151)

Cream, fluid, light 195 818 2.7 19.3 3.7 96 40 12.0 5.6 0.7 66
(coffee cream or table
cream) (01050)

121p 241 fo 1vd sv spnposd Cuvp puv yppy — p 421dv¢D)

Cream, fluid, heavy 345 1443 2.1 37.0 2.8 65 38 23.0 10.7 1.4 137
whipping (01053)

Butter, without salt 717 2999 0.9 81.1 0.1 24 11 51.4 21.0 3.0 215
(01145)

Butter, salted (01001) 717 2999 0.9 81.1 0.1 24 714 51.4 21.0 3.0 215
Butter oil, anhydrous 876 364 0.3 99.5 0.0 4 2 61.9 28.7 3.7 256
(01003)

Milk, dry, whole, without 496 2 075 26.3 26.7 38.4 912 371 16.7 7.9 0.7 97

added vitamin D (01212)

Milk, dry, nonfat, instant, 358 1498 35.1 0.7 52.2 1231 549 0.5 0.2 0.0 18
without added vitamin A
and vitamin D (01155)

Yoghurt, plain, low fat, 63 265 5.3 1.6 7.0 183 70 1.0 0.4 0.0 6
12 grams protein per 8
ounce (01117)

Yoghurt, fruit, low fat, 105 440 4.9 1.4 18.6 169 65 0.9 0.4 0.0 6
11 grams protein per
8 ounce (01122)
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TABLE 4.2 (continued)

USDA food name Energy Energy Protein Total Fat Carbohydrates Calcium Sodium SFA MUFA PUFA Cholesterol
and food code (kcal) (kJ) (9) (9) (9) (mg) (mg) (9) (9) (9) (mg)
Frozen yoghurts, 127 531 3.0 3.6 21.6 100 63 23 1.0 0.1 13
chocolate (42186)

Milk, buttermilk, fluid, 40 169 3.3 0.9 4.8 116 105 0.5 0.3 0.0 4
cultured, lowfat (01088)

Cheese, cheddar (01009) 403 1684 24.9 33.1 1.3 721 621 211 9.4 0.9 105
Cheese, cream (01017) 342 1431 5.9 34.2 4.1 98 321 19.3 8.6 1.4 110
Cheese, cottage, nonfat, 72 303 10.3 0.3 6.7 86 330 0.2 0.1 0.0 7
uncreamed, dry, large

or small curd (01014)

Cheese, cream, fat free 105 441 15.7 1.0 7.7 351 702 0.6 0.3 0.1 12
(01186)

Cheese food, pasteurized 323 1352 21.9 241 4.5 723 1552 15.5 6.8 0.6 82
process, swiss (01047)

Ice creams, vanilla (19095) 207 868 3.5 11.0 23.6 128 80 6.8 3.0 0.5 44

SFA - saturated fatty acids; MUFA - monounsaturated fatty acids; PUFA — polyunsaturated fatty acids.

Source: USDA, 2009.

oLl

UMY UPUUNY UL SIINPOL] L1vp puv Yjipy



Chapter 4 — Milk and dairy products as part of the diet

111

Milk can make a significant contribution to the required nutrient intakes for
calcium, magnesium, selenium, riboflavin, vitamin By, and pantothenic acid (see
Table 4.1). Food of animal origin, including milk and dairy products, can be an
important source of zinc and vitamin By; in children at risk for micronutrient
deficiencies (Neumann, Harris and Rogers, 2002). Milk is low in sodium. Bioavail-
ability of some nutrients in milk, for example calcium, is high compared with that
in other foods in the diet (Weaver, Proulx and Heaney, 1999). Milk does not contain
substances that inhibit mineral bioavailability, such as phytates and oxalates. When
milk is consumed together with foods containing inhibitors, calcium absorption is
decreased slightly by oxalates but little affected by phytates (Weaver, Proulx and
Heaney, 1999). In addition, milk is thought to contain constituents that enhance
mineral absorption, such as lactose and certain amino acids, but absorption of min-
erals from cow milk has not been demonstrated to be greater than that from mineral
salts (Weaver and Heaney, 2006).

Cow milk does not contain appreciable amounts of iron (Dror and Allen, 2011).
Consumption of fresh, unheated cow milk by infants prior to 12 months of age is
associated with faecal blood loss and lower iron status (Ziegler ez al., 1990; Griffin
and Abrams, 2001). There is evidence that high intakes of calcium interferes with
iron absorption, although inhibition of iron has been reported only in single-meal
studies (Dror and Allen, 2011); over longer periods of time adaptive mechanisms
may negate the single-meal effect (Minihane and Fairweather-Tate, 1998). Com-
pared with breast milk, cow milk also presents a high renal solute load to infants,
owing to its higher contents of minerals and protein. International guidelines and
most national policies recommend exclusive breastfeeding up to six months of age:
according to WHO guidelines, no undiluted cow milk should be given to infants
up to 12 months of age unless accompanied by iron supplements or iron-fortified
foods, although dairy products such as cheese and yoghurt may be fed to infants
more than six months old (WHO, 2003; WHO, 2004).

Constituents in milk that are not identified as essential nutrients but that are now
being studied for their health-promoting properties are discussed in Chapter 5.

4.3 DIETARY DAIRY IN GROWTH AND DEVELOPMENT

Nutrition and health in the first two to three years of life are important for growth
and development of children, with most growth faltering occurring during this
time (Grillenberger er al., 2006). However, “catch-up growth” remains possible
in school-aged children and even adolescents when factors that impair growth are
eliminated (Grillenberger et al., 2006). Stunting is associated with increased child
morbidity and impaired cognitive development (Hoppe, Molgaard and Michaelsen,
2006). Stunting, along with low birth weight, is also a risk factor for chronic disease
in adulthood (Popkin, Horton and Kim, 2001). Therefore, greater growth is associ-
ated with better child health and development. Taller adult stature has been associ-
ated with reduced risk of cardiovascular disease (Hoppe, Melgaard and Michaelsen,
2006). However, taller adult stature is not always associated with better health.
For example, the WCRF panel concluded that there is convincing evidence that
the factors that lead to greater adult attained height, or its consequences, increase
the risk of cancers of the colorectum and breast (postmenopause), and probably
also increase the risk of cancers of the pancreas, breast (premenopause) and ovary
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(WCRF and AICR, 2008a, 2008b). Height is also generally accepted to be a risk fac-
tor for osteoporotic fractures (Hannan ez al., 2012, and references therein). Current
evidence suggests that there may be particular periods in which growth is associ-
ated with better adult health, while rapid growth in other stages may result in an
increased risk of non-communicable diseases (NCDs): findings from the Helsinki
Birth Cohort Study of over 13 000 children born between 1934 and 1944 in Helsinki
who went on to develop CHD, hypertension and diabetes as adults showed that
these children were more likely to be generally short and thin at birth, have poor
growth in the first year of life but then accelerated weight gain in later childhood,
although their heights remained below average (Eriksson ez al., 2000; Eriksson et
al., 2001; Eriksson et al., 2003; Forsen et al., 2004; Eriksson, 2011). A recent paper
from the group (Eriksson, 2011) stresses that “not only a small body size at birth
but also slow growth during infancy increased the risk of CHD in later life. Low
weight at one year old added to the CHD risk independently of body size at birth”.
However, the author concludes that these findings need to be replicated in younger
contemporary cohorts before public health initiatives can be proposed.

Recent review studies are available on the role of ASE, including milk, in the
diets of children in low-income countries (Allen and Dror, 2011; Dror and Allen,
2011). In observational studies, a higher intake of ASF has been associated with
better growth, micronutrient status, cognitive performance, motor development
and activity in children, although the effects on cognitive function and activity
were more pronounced in children consuming meat rather than milk. Cow milk
is a source of vitamin By, a micronutrient commonly deficient in populations that
consume low amounts of ASFE, and can thus help to improve children’s nutritional
status. Furthermore, milk can be used as a fortification vehicle for micronutrients
(Allen and Dror, 2011; Dror and Allen, 2011).

A meta-analysis of seven randomized controlled trials and five non-randomized
controlled trials examining the relationship between consumption of dairy products
and physical stature in children and adolescents aged 3-13!? has been published
recently (de Beer, 2012). Sample sizes in the trials varied from 36 to 757 participants
and study duration varied from 3.3 to 24 months. Seven studies were conducted
since the 1990s, and the rest were conducted between 1926 and 1980. While two tri-
als included moderately or severely stunted children, most trials included children
who were only slightly or not at all stunted. Five of the studies were in developed
countries while the rest were from developing countries (two in China, one in
northern Viet Nam, one in Kenya, two in Indonesia and one in India). In eight
studies, children received 190 to 568 ml of whole or skimmed milk daily, while in
the other studies diets were supplemented with (reconstituted) milk powder, cheese
and yoghurt. The authors conclude that the most likely effect of supplementing
children’s diets with dairy products is 0.4 cm additional growth per year for every
245 ml of milk added to the diet (95 percent confidence interval [CI]: 0.22-0.58),
which is the effect of an intervention of 12 months on average. Nutritionally
deprived children (shorter height-for-age) benefited more from supplementation

19 The search criteria were for age group 2-18 years.
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than their better-fed peers, and teenagers (children close to or just in their pubertal
growth spurt) also benefited more.

Childhood growth can be separated into growth during infancy, childhood
and puberty (Karlberg, 1987). However, the design of most studies does not allow
one to distinguish between the prepubertal period (with a relatively low growth
velocity) and puberty (when growth velocity varies considerably and includes the
peak height-growth velocity). Therefore, in the following sections we first present
studies on preschool children, followed by studies on school-aged children (includ-
ing pre-, peri- and postpubertal children). In preschool children, growth velocity
is still high (especially during the first years) and an effect of cow milk might be
more pronounced during this period (Hoppe, Molgaard and Michaelsen, 2006). We
separately address the effects of milk/dairy on (linear) growth in undernourished
children and well-nourished children. We focus on studies dealing with linear
growth (rather than cognitive growth or weight), although weight changes when
reported as part of those studies are included.

Chapter 7 discusses the role of ASF, and in particular milk, with respect to
energy, protein, micronutrients and essential fatty acids and childhood growth.

4.3.1 Studies on the effect of milk and dairy products on linear growth

in undernourished or socio-economically underprivileged children
Preschool children
Intervention studies
He et al. (2005) reported the results of a randomized controlled trial (RCT) carried
out in Beijing that involved 402 preschool children (aged three to five years) whose
height-for-age and/or weight-for-age were less than the reference level. The children
were divided randomly into a yoghurt supplemented group (125 g yoghurt for five
days a week) or control group (no supplementation). Children in the yoghurt-
supplemented group gained significantly more helght than those in the control
group after receiving yoghurt for three, six and nine months (P<0.05) (1.90+0.49
cm vs 1.77+0.54 cm, 3.83+0.57 cm vs 3.64+0.66 cm and 5.43+0.69 cm vs 5.24+0.76
cm, respectively). The children in the yoghurt group also gained 51gn1f1cantly more
weight than those in control group after receiving yoghurt for three, six and nine
months (P<0.05).

A prospective, longitudinal assay of 227 children in Mexico aged 860 months
reported that supplementing their diet with 500 ml of milk fortified with multiple
micronutrients daily for 90 days significantly improved the nutritional status and
weight-for-height Z scores of the children and reduced the number of malnourished
children (Maulen-Radovan et al., 1999). Unfortunately, the study did not include a
control group.

Observational studies

Observational studies from developing countries also show positive associations
between milk consumption and linear growth in preschool children. Demographic
and health survey data on preschool children from 12 to 36 months old in seven
countries in Central and South America showed that milk consumption was
significantly associated with higher height-for-age Z scores in all seven countries,
whereas intakes of meat, eggs, fish and poultry were only associated with height
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increases in only one of the countries (Ruel, 2003). Allen et al. (1992) looked at
longitudinal data from 67 Mexican children aged 18-30 months and found that
diets of taller children contained more animal products, including milk, than did
diets of shorter children.

School-aged children

Intervention studies

The classic Boyd Orr study (or Carnegie survey) was carried out in the beginning
of the last century among 1 343 mainly working class families, and examined the
effects of supplementing the diets of 5- to 14-year-old Scottish children at school
with whole milk, skimmed milk or biscuits that contained an equivalent amount of
energy, compared with a control group receiving no supplements (Orr, 1928). Those
receiving either type of milk gained an average of 20 percent more height in seven
months (Orr, 1928), but only children who continued to receive milk supplements
sustained higher rates of growth (Leighton and Clark, 1929). Because this study was
conducted in pre-war Britain, it is plausible that some degree of malnutrition was
present in the children at the onset of the study (Hoppe, Molgaard and Michaelsen,
2006), and the effect of milk on growth may have occurred because of a correction
of nutrient deficiencies. Hoppe, Molgaard and Michaelsen (2006) also refer to work
carried out by Spies and co-workers in the United States on a selected group of 82
children with chronic nutritive and growth failure (Spies et al., 1959). The three-
year study, initiated in 1945, looked at the effect of daily supplementation with
either whole or non-fat dried milk on the growth in the intervention group com-
pared with a control group. The children receiving the milk supplements gained an
average of 1.23 cm more height than the control group during the supplementation
period (Hoppe, Molgaard and Michaelsen, 2006).

A limited number of RCT studies are currently available. One RCT was carried
out on 33 children in New Guinea aged 6-15 years old who had very low protein
diets. The majority of the children were below the third percentile in height at
the beginning of the study even though the Bundi people of New Guinea have
a reliable supply of food throughout the year from their staple crops of taro and
sweet potato (Lampl, Johnston and Malcolm, 1978). Three groups of children were
given diets supplemented with skim milk powder (75 g/day), margarine with an
equivalent amount of energy or extra servings of taro and sweet potatoes over a
13-week period, and compared with a control group who received no supplemen-
tary food. The linear growth of children receiving the skim milk supplements was
nearly twice as fast as that of children in the other groups (Lampl, Johnston and
Malcolm, 1978).

An RCT was carried out in rural Viet Nam, in a region where the prevalence of
stunting was 50 percent. Schoolchildren (7-8 years old) were provided with 500 ml
of unfortified milk on school days for six months (Lien do ez al., 2009). The control
group received no supplementation. Height gain was 0.4 cm greater and weight gain
0.5 kg greater in the milk intervention group than in the non-intervention control
group, although these differences were not significant. However, both weight-for-
age and height-for-age significantly improved over the six months that milk was
provided, and as a consequence the incidence of underweight and stunting dropped
by roughly 10 percent.
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Another RCT evaluated the growth of 544 children aged 5-14 years (median age
7.1 years) in rural Kenya after 23 months on a diet supplemented with a meat, milk
(200 ml/day) or energy supplement compared with a control group that received no
supplement. Children in each of the supplementation groups gained significantly more
weight (about 10 percent) than the control group. No statistically significant overall
effects of supplementation were found on height, height-for-age Z score, weight-for-
height Z score or measures of body fat. However, in a subgroup of children whose
height-for-age Z score was below median at baseline, milk supplementation led to a
statistically significant increase in height gain of 1.3 cm (15 percent) compared with
the control group (P=0.05) and 1 cm (11 percent) more height than those in the group
receiving the meat supplement (P=0.09) (Grillenberger et. al., 2003).

An RCT study in South Wales, United Kingdom, probed the effect on growth
of the provision of free milk supplements to schoolchildren of seven and eight years
old (Baker et al., 1980). The children included were “those whose socio-economic
circumstances might place them at a disadvantage for growth”. The results showed
that height and weight gain associated with the provision of free milk was very small
in the study population: the milk group grew only 2.9 mm more than the control
group, although this was significant (P<0.05). The authors concluded that it is there-
fore likely that the benefit to growth of providing free milk to all schoolchildren of
these ages would be even smaller. According to the authors, the limited increase in
growth of subjects in the group receiving milk probably reflects a reasonable state
of general nutrition even in this “disadvantaged” population (Baker ez al., 1980).

Observational studies

A study in Malaysia followed a large sample of 2 766 children of 6-9 years old who
participated in a school milk programme that provided each child with 250 ml of
milk twice weekly (Chen, 1989). The study found a reduction in the prevalence of
protein—energy malnutrition in terms of underweight (15.3 percent to 8.6 percent),
stunting (16.3 percent to 8.3 percent) and wasting (2.6 percent to 1.7 percent) over a
21-month period from the start of the school feeding programme. As there was no
major development in this region during this time period, these positive effects were
ascribed to the impact of the school milk feeding programme.

However, other observational studies have found no effect of milk supplementa-
tion on growth: studies of UK schoolchildren in the 1970s and 1980s found no
consistent associations between supplying milk in the schools and rates of growth
in children aged 5-9 years, even when stratified by poverty status and ethnic back-
ground (Rona and Chinn, 1989). Data from England and Scotland in 1972-76 were
used to investigate the effect of the availability of free school milk on height gains
in one year among 6-7 year olds (Cook et al., 1979). In this large longitudinal study,
the sample of areas was weighted to include poorer areas. This study showed that
children with access to free milk did not grow significantly more in height than did
those without access. Even when data from children from the manual labourer social
classes were analysed, 13 out of 16 sex—country—year-specific analyses showed no
significant evidence of greater height gain in children who had access to free milk.

Although not unequivocally supported by the evidence, milk appears to have a
positive effect on growth among nutritionally or socio-economically disadvantaged
children. The strongest effects may be seen on the growth of children with exist-
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ing undernutrition (Wiley, 2005; Hoppe, Molgaard and Michaelsen, 2006; de Beer,
2012). Although current evidence suggests that these effects may be more apparent
during the first few years of life, too few studies are available on preschool children
to draw any conclusions.

4.3.2 The role of milk and dairy products in treatment of undernutrition
Milk plays a key role in treating undernutrition both in industrialized countries
(where almost all products used for enteral feeding of malnourished hospitalized
children and adults are milk-based [Michaelsen et /., 2011a]) and in developing coun-
tries. A diet that contains sufficient milk or dairy to provide 25-33 percent of the daily
protein requirement (which is about 200-250 ml milk or 15-20 g of milk powder or
whey protein powder per 1 000 kcal) may have a positive effect on weight gain and
linear growth in children aged six months to five years who are suffering from moder-
ate malnutrition (Michaelsen et al., 2009). When cow milk is used in the treatment of
undernutrition it is generally in the form of a powdered ingredient. Chapter 7 covers
these products. The components of milk that are thought to be particularly important
to growth in undernourished children are protein (including peptides and other bio-
active factors), minerals (phosphorus, in particular) and lactose, as cow milk fat is not
usually included in products to treat undernutrition (Michaelsen et al., 2011a). The
high lactose content might support growth by contributing to improved absorption
of minerals and providing a prebiotic effect (Michaelsen er al., 2011a).

Other dairy products have also been used successfully in the treatment of
moderate malnutrition in children. Fermented milk (and yoghurt) has been sug-
gested to be a good alternative to fresh milk as it has a nutritional content similar
to fresh milk (apart from less lactose); it also keeps better so the risk of growth of
pathogenic bacteria is reduced (Michaelsen er al., 2011a). “Filled milk”, which is a
powdered product based on skimmed milk and vegetable oil, has the advantage that
it is cheaper than whole-milk powder and the replacement of milk fat with vegeta-
ble oil could be beneficial from a nutritional point of view, depending on which
vegetable oil is added, by reducing the levels of rrans fatty acids (TFAs) and SFA.
Whey powder (with a protein content of 13 g/100 g of product) or whey protein
concentrate (which commonly has a protein content of either 35 g or 80 g/100 g of
product) can be used in the preparation of special foods or blends for malnourished
children. Since whey is a by-product of cheese-making, it has been cheaper than
dried skimmed milk per unit of protein, although prices have been fluctuating in
recent years. Skim milk, or milk with a reduced fat content (<2 percent), should
not be given to children unless complemented with foods that boost fat intake to
the recommended level; milk with reduced fat content also has a high renal solute
load in relation to its energy content. Although powdered milk is often cheaper and
more easily available than liquid milk, it carries the risk of contamination during
reconstitution. Evaporated milk and condensed milk should not be used as a drink
but can be mixed into porridge and other foods (Michaelsen ez al., 2009). Chapter 7
presents an overview of programmes that use milk powder and blended foods and
their impact on human nutrition in developing countries.

Oakley et al. (2010) recently published the results of a randomized, double-
blind, controlled, clinical, quasi-effectiveness trial of isoenergetic amounts of two
locally produced ready-to-use therapeutic foods (RUTF) to treat severe and acute
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malnutrition in Malawian children aged 6-59 months. A total of 1 874 children were
enrolled in the study. Children were randomly assigned to either 25 percent milk
RUTF or 10 percent milk RUTF as home-based therapy for up to eight weeks. The
primary outcome was recovery (weight-for-height Z score >-2 and no oedema).
Secondary outcomes were rates of weight and height gain. Recovery among chil-
dren receiving 25 percent milk RUTF was greater than among children receiving
10 percent milk RUTF (64 percent compared with 57 percent after four weeks,
and 84 percent compared with 81 percent after eight weeks [P<0.001]). The rates of
weight and height gain were also greater among children receiving 25 percent milk
RUTF than those among children receiving 10 percent milk RUTE

4.3.3 Milk in the diets of well-nourished children

In general, the protein intake of children in industrialized countries is considerably
above basic physiological requirements (Hoppe, Melgaard and Michaelsen, 2006).
As the effect of milk on growth in well-nourished children is likely to be via a
mechanism that is different to that in undernourished children (see Section 4.3.5),
data on well-nourished children are considered separately.

Preschool children
Associations between milk consumption and height among 1 002 preschool-aged
children aged 24-59 months was studied in the United States using data from
the National Health and Nutrition Examination Survey (NHANES) covering
1999-2002 (Wiley, 2009). Children who drank milk daily were significantly taller
(1.0 cm; P<0.02) than those with less frequent intake. Consumption of other dairy
products had no association with height. The author concluded that “Similarly
positive effects of milk on height have not been found routinely in older prepubertal
children, suggesting that the growth of children in this age group may be particu-
larly responsive to milk intake”. Wiley (2009) suggests that the positive association
between milk and height among very young children may reflect a growth pattern
attuned to milk consumption, i.e. evolutionarily children in this age group would
still be consuming some breastmilk and are growing rapidly and can thus convert
milk’s nutrients and other qualities into linear growth. Alternatively, young children
may be physiologically more sensitive to milk’s properties or they may simply show
more variability in growth (Wiley, 2009).

A study of 90 healthy and well-nourished 2V-year-old Danish children found
that height was positively associated with intakes of animal protein and milk (mean
intake 385 ml of milk/day) (Hoppe, Molgaard and Michaelsen, 2006).

School-aged children

Intervention studies

Du et al. (2004) carried out a two-year milk intervention trial involving 757 10-year-
old girls in Beijing.?® Schools were randomized into three groups, where the first

20 Although this study was carried out in China, the children were not reported to be undernourished,
even though low baseline milk and calcium intakes were observed.
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group consumed a carton of 330 ml of milk fortified with calcium each school day
over the study period; the second group of girls received the same quantity of milk
additionally fortified with 5 mg or 8 mg of cholecalciferol; the third was a control
group and received no milk. When the relative percentage changes (the percent-
age changes from baseline, rather than the absolute values) were considered, the
increases in height, sitting height and body weight after two years of the girls in the
two supplemented groups were significantly greater than those of the girls in the
control group. When the data were adjusted for menarcheal status, the effects of the
milk supplement on bone were still apparent.

In an American study, a group of healthy young Caucasian females with an aver-
age baseline age of 10.8 years were followed for seven years, to cover the pubertal
growth spurt and late adolescence (Matkovic ez al., 2005). One cohort participated
in a long-term double-blinded, placebo-controlled clinical trial with calcium sup-
plementation, and the other participated in an observational study with higher
calcium intakes from dairy products. By an average age of 15 years, the dairy-group
subjects remained significantly taller (P<0.01) and had higher dietary calcium and
protein intakes than the calcium-supplemented and placebo groups.

In a double-blind, placebo-controlled study, 149 healthy prepubertal girls of
mean age of 7.9 years each day for one year received either two food products forti-
fied with 850 mg of calcium from milk extract or the same food products that had
not been fortified (placebo) (Bonjour et al., 1997). The ratio of the gains in height
in the calcium-supplemented group over those in the placebo group as calculated
from the means of the individual differences recorded at 48 weeks and at baseline
was 1.08 cm. The difference in gains between calcium-supplementation and placebo
groups was greatest in girls with a spontaneous calcium intake below the median
of 880 mg/day. The absolute differences in size gains recorded at the end of the
intervention period were still detectable one year after termination of the dietary
intervention. However, it is not clear if these differences were statistically significant.

Other intervention studies have failed to show a significant effect of milk or dairy
intervention. For example, Wiley (2005) catalogues a number of milk intervention
studies on well-nourished children aged between 6-16 years in developed countries
(i.e. Chan er al., 1995; Cadogan et al., 1997; Bonjour et al., 1997; Merrilees et al.,
2000; Bonjour et al., 2001; all cited in Wiley, 2005), but notes that none has been able
to demonstrate a statistically significant positive effect of milk on growth in height.

Observational studies

A large prospective cohort study (Berkey et al., 2009) studied 5 851 girls who
were premenarchal at baseline and aged nine years or older for up to eight years
of follow-up. Premenarchal girls who drank more than three servings of milk per
day grew 0.11 inches more (P=0.02) the following year than girls consuming less
than one serving per day on average. Yoghurt (+0.13 inches/cup; P=0.02), but not
cheese or total calories, predicted height growth. In a separate model, dairy protein
(+0.034 inches/10 g; P<0.001) predicted height growth. Dairy protein was more
important than dairy fat for all outcomes. Nondairy animal protein and vegetable
protein were never significant, nor were nondairy animal fat and vegetable fat.
According to the authors, these findings suggest that a factor in the nonlipid
phase of milk, but not protein itself, has growth-promoting action in girls. They
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suggest that the protein in milk maybe a marker for other factors in the nonlipid
component of milk.

Another study looked at milk consumption and height in American children by
analysing NHANES data from 1999-2002 (Wiley, 2005). For adults, data on early
consumption were obtained from questions about milk consumption in childhood.
Results indicated that adult height was positively associated with milk consumption
at ages 5 through 12 years and 13 through 17 years. For children (5-18 years), two
types of data were used: participants rated the frequency of their milk intake in the
last 30 days and information was gathered from a 24-h dietary recall, which pro-
vided a snapshot of current milk intake. Among these children, frequency of milk
consumption over the past 30 days had no effect on the height of 5-11-year-olds,
but 30-day frequency of milk consumption and milk intake (measured as grams of
milk, or protein or calcium from milk) were significant predictors of the height of
12-18-year-olds, along with age, gender, household income and ethnicity. However,
the authors note that the effect of milk on height was modest (Wiley, 2005).

A study of 250 children in New Zealand aged 3-10 years found that long-term
avoidance of cow milk was associated with small stature and poor bone health
(Black et al., 2002). Similar results were reported by Rockell er al. (2005), who
followed changes over two years of a group of 46 Caucasian children in the United
States with an initial mean age of 8.1 years. The children had low calcium intakes
at baseline and were short in stature. At follow-up, modest increases in milk con-
sumption and calcium intake had occurred. Although some catch-up in height had
taken place, the group remained significantly shorter than the reference population
of milk-drinking children from the same community (Z scores —0.39+1.14). A
longitudinal study conducted in Japan involving 92 children, average age 9.5 years,
reported that the mean height gain in those consuming more than 500 ml of milk/
day was greater than that of those consuming less than 500 ml/day; the difference
in height gain between the two groups was 2.5 cm over three years (Okada, 2004).

In conclusion, much of the evidence suggests that milk promotes linear growth in
well-nourished children, although gains may be modest and not always statistically
significant. The two available studies on well-nourished preschool children suggest
that this effect may be more pronounced in younger children.

4.3.4 Secular trend of increasing adult height
During recent decades, adult height has increased steadily in most European coun-
tries and in the United States (see Hoppe, Molgaard and Michaelsen, 2006 and refer-
ences therein). These changes have been ascribed to a general improvement in living
conditions, accompanied by a change in nutritional status and food consumption
patterns, including a greater consumption of milk and other ASFs. The secular trend
in height in Japanese children has been mainly ascribed to increased milk consump-
tion: regional differences in height were found to correspond to milk consumption
in the national school lunch programme in Japan (Takahashi, 1984). These results
are consistent with the observation that nomadic or pastoral people living on milk
in arid areas are usually taller than people whose livelihoods are cultivation-based
(Takahashi, 1984).

A recent study conducted in India on a large nationally representative sample of
people shows that a secular trend in adult height has also begun to occur in some



120

Milk and dairy products in human nutrition

developing countries (Mamidi, Kulkarni and Singh, 2011). The study found that
men and women from the northern states were generally tallest and those from
the northeastern states shortest. The percentage of the population consuming milk
or curd was highest in the northern states and lowest in the northeastern states.
Analysis of socio-economic factors showed that people who lived in urban areas,
who were more educated and who belonged to the highest income group were taller
and had greater increments in height per decade. These findings may have important
policy implications for developing countries such as India that have a high preva-
lence of stunting and a modest secular increase in height.

As summarized by de Beer (2012) in the recent systematic review and meta-
analysis, “In conclusion, there is moderate quality evidence that dairy products
supplementation stimulate linear growth supporting hypotheses that changing
levels of consumption of dairy products in the 19th and 20th centuries contributed
to trends in height”.

4.3.5 Possible mechanisms for growth-stimulating effects of milk

Milk is a source of energy, although the number of calories varies with fat content.
Although many of the nutrients in milk are likely to contribute in specific ways to
the overall growth process, most research has focused on two components in milk
as particularly important to bone growth, calcium and insulin-like growth factor-1
(IGF-1) (Wiley, 2005; Wiley, 2009). (The role of calcium is discussed in Section
4.4) In the skeleton, IGF-1 acts to increase the uptake of amino acids, which are
incorporated into new proteins and thereby contribute to growth in bone length
(Cameron, 2002, cited in Wiley, 2005).

In children with poor nutritional status, the addition of milk to the diet is
likely to supply nutrients that are important for growth and are deficient in the
diet (Hoppe, Molgaard and Michaelsen, 2006). In well-nourished children, the
effect of milk on linear growth is likely through stimulation of IGF-1 rather than
through correcting nutrient deficiencies (Hoppe, Molgaard and Michaelsen, 2006).
Synthesis of IGF-1 is regulated by both growth hormone and nutrition; it is likely
that nutritional regulation of IGF-1 is more important during infancy, when IGF-1
concentrations are low, than later in childhood and in adulthood (Hoppe, Molgaard
and Michaelsen, 2006). Milk intervention trials in children have been associated with
increased circulating IGF-1 (Cadogan er al., 1997; Hoppe et al., 2004). Although
cow milk contains IGF-1, this growth factor consumed orally is not absorbed
(Larsson et al., 2005). It is currently speculated that bioactive peptides, milk IGF-1,
amino acids (especially the branched-chain amino acids leucine, isoleucine and
valine) or milk minerals (in particular calcium and zinc) are involved in stimulating
the insulin-like growth factors (IGFs) (Hoppe, Melgaard and Michaelsen, 2006).

Understanding the complex interrelationships between IGF and milk is of interest
because IGF-1 levels may be related (both positively and negatively) to mortality
and risk of several NCDs, such as cancer (see Section 4.9) (Hoppe, Molgaard and
Michaelsen, 2006; van der Pols et al., 2007; van der Pols et al., 2009; Martin, Holly
and Gunnell, 2011). A longitudinal analysis of the Boyd Orr cohort looked at possi-
ble “programming effects” of childhood dairy and calcium intake and CVD mortal-
ity in adulthood (van der Pols ez al., 2009). The study traced 88 percent of the original
children. The authors found no strong evidence to suggest that a childhood diet high
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in dairy products was associated with CHD or stroke mortality, although childhood
calcium intake was inversely associated with stroke mortality. Childhood diets rich
in dairy or calcium were associated with lower all-cause mortality in adulthood,
independent of childhood height (a marker for IGF levels in childhood), which sug-
gests that the IGF pathway was not involved as an underlying mechanism. However,
the authors speculate that childhood diets may have had long-term programming
effects on adult IGF-1 levels, which may not be reflected by childhood height.

4.4 DIETARY DAIRY AND BONE HEALTH

4.4.1 Bone growth

The process of bone resorption and bone formation is termed bone remodelling.
This process takes place throughout life, although at different rates at different times
(Figure 4.1).

Bone mass increases rapidly during adolescence (Figure 4.1). During this period
of rapid growth, approximately half of adult peak bone mass (PBM) is accumulated
(Heaney et al., 2000) and bone turnover rates are high, with bone formation exceed-
ing bone resorption rates. Bones elongate and height increases under the control
of genes that programme body size through changes in sex steroid hormones
and growth hormones (Weaver, 2002). There is a lag period between peak height
velocity and peak bone mineral content velocity when children in early puberty
have relatively low bone mass (Bailey et al., 1999). This is consistent with a period
of high incidence of fracture (Khosla ez al., 2003). Peak bone mass (the maximum
amount of bone mass attained during a person’s life) can be reached as early as the
late teenage years or as late as mid-thirties, depending on skeletal site (Theobald,
2005). A 10 percent increase in PBM is associated with a 50 percent reduction in
risk of osteoporotic fracture (Bonjour ez al., 2003, cited in Theobald, 2005). From

FIGURE 4.1
Changes in bone mass during the human life cycle

Attainment of PBM Consolidation Age-related bone loss
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Critical times are: (1) attainment of peak bone mass (PBM: 0-28 years of age, with pubertal years being particularly crucial);
(2) menopause ("; during the menopause and < 10 years post menopause it is estimated that 1-2 percent of bone is lost per
year); (3) age-related bone loss (a low bone mineral density threshold increases osteoporosis fracture risk).

Source: Lanham-New, 2008.



122

Milk and dairy products in human nutrition

PBM until menopause in women or old age in men, bone is considered more stable,
although increasing evidence shows bone loss begins much earlier than menopause,
especially in sedentary individuals (Weaver et al., 2001). Bone loss is common in the
aging skeleton. Bone turnover increases with the loss of oestrogen and, as in puber-
ty, bone formation and bone resorption becomes uncoupled. At this life stage, bone
resorption rates exceed bone formation rates. The magnitude of bone loss is highly
dependent on body weight. Smaller skeletons are more vulnerable to loss, likely
because their bones are less loaded with lower body weight and therefore provide
less mechanical stimulus. Overall, genetics are thought to control 60-80 percent of
bone mass and environmental factors such as diet and physical activity 20-40 per-
cent (Krall and Dawson-Hughes, 1993; Bonjour and Chevalley, 2007).

4.4.2 Dietary factors that affect bone health

The main dietary factors that affect bone mass are calcium and vitamin D, although
other nutrients such as potassium, zinc, vitamins A, C and K and protein, as well
as energy, also play a role. Calcium, phosphorus and magnesium are the most
important minerals to bone health, of which calcium is the most abundant. More
than 99 percent of the body’s calcium, 85 percent of its phosphorus and 60 percent
of its magnesium are in bone.

Calcium

Calcium balance is determined by the relationship between calcium intake and
calcium absorption and excretion. Dietary intake of calcium has to be large enough
to match obligatory losses, if skeletal damage is to be avoided. About 20-30 percent
of calcium consumed in the diet is absorbed in the gastrointestinal tract (Theobald,
2005). The amount absorbed depends on the form in which calcium is present in
food (e.g. insoluble complexes with phosphate), the amount present, its solubility
and the presence of dietary factors that inhibit or promote absorption (e.g. phytates
and oxalates inhibit absorption by forming insoluble salts). Protein has both posi-
tive and negative effects on calcium balance (see “Protein”, below). Calcium bio-
availability is also influenced by physiological variables such as historical calcium
intakes, vitamin D status (see “Vitamin D”, below) and age (absorption appears to
decline with age), pregnancy and lactation status (calcium absorption is up regulated
during lactation) (FAO and WHO, 2002; Theobald, 2005).

The FAO/WHO expert consultation on vitamin and mineral requirements
(FAO and WHO, 2002) presented recommendations for calcium intakes based on
long-term?! calcium-balance data for adults in Western countries (Table 4.3).2 The
consultation noted that mean calcium requirement of adults at present can only

2! The mean duration of the 210 experiments from eight publications used in this report to derive the
recommended intakes was 90 days with a range of 6—480 days. (The four 6-day balance studies in the
series used a non-absorbable marker and are therefore acceptable).

22 The report states that other possible beneficial effects of calcium, such as in the prevention or
treatment of pre-eclampsia, colon cancer or hypertension, have not been considered in making
these recommendations, as experimental results in these regards have been disappointing/inconclu-
sive or negative.
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be determined by balance studies conducted with sufficient care, and over a suf-
ficiently long period of time to ensure reasonable accuracy and then corrected for
insensible losses. The calcium requirement was reported to change depending on
other nutrients present in the diet, two such nutrients being sodium (presumably
competing with calcium for reabsorption in the renal tubules) and animal protein
(see “Protein”, below, for possible mechanisms), both of which increase urinary
calcium and were therefore presumed to increase calcium requirement. Vitamin D
also plays a role in calcium homeostasis and calcium absorption. The expert con-
sultation also highlighted the “calcium paradox”, that hip fracture rates are higher
in developed countries, where calcium intake is high, than in developing countries,
where calcium intake is lower,” and suggested that this may be related to protein
intake and vitamin D status in these countries, or both, with sodium intake being
another possible reason. Hence, the expert consultation provided different recom-
mendations for countries with low consumption of animal protein (2040 g/day
rather than the 60-80 g/day typical of developed countries) (Table 4.3).

A subsequent WHO/FAO expert consultation on diet, nutrition and the preven-
tion of chronic diseases (WHO and FAO, 2003) concluded that there is convincing
evidence that sufficient intake of vitamin D and calcium together reduces the
risk of osteoporotic fracture in older people. Based on the findings of FAO and
WHO (2002), WHO and FAO (2003) recommended a minimum daily intake of
400-500 mg of calcium in countries with a high incidence of fracture to prevent
osteoporosis (WHO and FAO, 2003). This recommendation was made after consid-
ering the strength of the evidence with fracture as an end point (rather than BMD;
see Section 4.4.5 for limitations of studies using BMD as an end point), and appears
to relate to older people (>50-60 yr). This is considerably lower than the amounts
recommended by the previous expert consultation (Table 4.3). The experts further
stated that recommendations for calcium intake in countries with low fracture
incidence should take into account the interaction between calcium intake, physi-
cal activity, sun exposure and intake of other dietary components (e.g. vitamin D,
vitamin K, sodium, protein) and protective phytonutrients (e.g. soy compounds).

Vitamin D

Calcium and vitamin D interact in the human body: when the level of ionized cal-
cium in the blood falls, parathyroid hormone is secreted by the parathyroid gland,
stimulating the conversion of vitamin D to its active form, calcitriol (1,25-dihy-
droxyvitamin D) and thus depleting vitamin D status (measured by the amount of
the inactive form). Vitamin D, as calcitriol, influences calcium absorption across the
intestine, and inadequate vitamin D status is associated with reduced absorption of
calcium from the diet. Vitamin D can either be made in the skin from a cholesterol-
like precursor by exposure to sunlight or can be provided preformed in the diet;
from a nutritional perspective, the two forms are metabolized similarly in humans,
are equal in potency and can be considered equivalent (FAO and WHO, 2002).

23 Average total calcium intakes in Africa, Latin America, the Near East and the Far East are less than
500 mg/day; the average total calcium intake for all developing countries is only 344 mg/day (FAO/
WHO, 2002).
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TABLE 4.3

Recommended calcium intakes based on data from North America and Western Europe and

theoretical calcium allowances based on an animal protein intake of 20-40 g/day
Recommended intake (mg/day)

Based on data from North Theoretical calcium allowances
America and Western Europe based on an animal protein
intake of 20-40 g/day

Infants and children

0-6 months
Breastfed 300 300
Fed cow milk 400 400
7-12 months 400 450
1-3 years 500 500
4-6 years 600 550
7-9 years 700 700
Adolescents
10-18 years 1.300? 1.000?
Adults
Females
19 years to menopause 1000 750
Postmenopause 1300 800
Males
19-65 years 1000 750
65+ years 1300 800

Pregnant women

(last trimester) 1200 800

Lactating women 1000 750

2 Particularly during the growth spurt.
Source: FAO and WHO, 2002.

The importance of dietary sources of vitamin D depends on what extent the skin
is exposed to ultraviolet light (UVB), which is determined by latitude and season,
as well as age and skin colour. The current recommended intake of dietary vitamin
D ranges from 5 pg/day for infants, children, adolescents, adults aged 19-50 years
and pregnant and lactating women to 15 pg/day for adults more than 65 years old
(FAO and WHO, 2002),

Protein

Protein comprises half of the volume of bone. Bone can be considered a protein
matrix, within which calcium (and other mineral) salts are deposited. Many epide-
miological studies have found a positive relationship between protein intake and
bone mass or density, and some studies suggest an inverse association between
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protein intake and hip fracture (Kerstetter, Kenny and Insogna, 2011). However,
there is much debate on the effect of protein on calcium absorption and status
(Theobald, 2005). Studies using purified protein or protein hydrolysates have con-
sistently shown a 1 mg rise in urinary calcium excretion for each 1 g of ingested
protein (Weaver, Proulx and Heaney, 1999; Rafferty and Heaney, 2008). Proposed
mechanisms include the effect of the acid load contained in animal proteins (which
may be neutralized by the body drawing calcium from the bones) and complexing
of calcium in the renal tubules by sulphates and phosphates released by protein
metabolism (see FAO and WHO, 2002 and references therein). However, when
protein is ingested as meat and/or dairy, the urinary loss of calcium has been
reported to be less pronounced (Kerstetter and Allen, 1989). It has been suggested
that the effect of protein intake on urinary calcium levels may be countered by
the hypocalciuric effect (decreasing of urinary calcium losses) of phosphorus and
potassium present in meat and dairy foods (Whiting ez al, 1997, and Heaney and
Recker, 1982, both cited in Rafferty and Heaney, 2008). A summary by Roughead
(2003) on the topic stresses the importance of this distinction between purified and
common dietary protein sources, because the latter contain a substantial amount of
phosphorus, which blunts the calciuric effect observed with purified proteins.

Despite the effects on urinary calcium losses, high protein intakes have been
found to enhance calcium absorption, especially when the calcium content of the
diet was limiting (600-800 mg/day) (Kerstetter, O’Brien and Insogna, 1998; Kerstet-
ter, Kenny and Insogna, 2011). Dawson-Hughes (2003) reported that the impact of
dietary protein on the skeleton appears to be favourable in older subjects who are
meeting their dietary calcium requirements but not in those with lower calcium
intakes. Other authors have highlighted that it is important to consider these effects
in all stages of the life cycle and not just in the elderly population (Roughead,
2003; Spence and Weaver, 2003). In a recent review of the topic Kerstetter, Kenny
and Insogna (2011) state that “Recent epidemiological, isotopic and meta-analysis
studies suggest that dietary protein works synergistically with calcium to improve
calcium retention and bone metabolism. The recommendation to intentionally
restrict dietary protein to improve bone health is unwarranted, and potentially even
dangerous to those individuals who consume inadequate protein”.

Exercise can boost the benefits of good nutrition to growing bone, especially
during growth (Bass er al., 2007; Specker and Vukovich, 2007; Welch er al., 2008;
Nikander ez al., 2010): bone strength is increased with exercise, but sufficient cal-
cium is necessary for increasing bone mass. Exercise helps to prevent bone loss only
if calcium intake is greater than 1 000 mg/day, i.e. when there is sufficient calcium
intake (Specker and Vukovich, 2007).

4.4.3 Milk and dairy foods and bone health

The mineral profiles in milk and bones have much in common. With the exception
of small fish that are eaten whole, including the bones, few foods naturally contain
as much calcium as milk (Weaver, Proulx and Heaney, 1999; Theobald, 2005). Cal-
cium in milk has a high bioavailability, similar to calcium carbonate, which is readily
absorbed (Theobald, 2005). Although many green leafy vegetables such as spinach
are rich in calcium, they also contain oxalate, which reduces the calcium availability.
Calcium availability is greater in plant foods such as broccoli, sweet potatoes, kale
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and bok choy that contain smaller amounts of oxalic acid than in other plant foods
(Fishbein, 2004, cited in Theobald, 2005). However, although soybeans contain
large quantities of oxalates and phytates, the calcium they contain is still bioavailable
(3040 percent absorbed) (Heaney et al, 1991, cited in Theobald, 2005). Milk is the
major source of vitamin D in the diet in countries where milk is fortified with this
vitamin, e.g. the United States and Canada (USDA and USDHHS, 2010). Dairy
foods are also a source of dietary protein. Analyses of food sources of calcium,
vitamin D, protein, phosphorus and potassium in Americans reveal milk to be
the number one single food contributor of most of these bone-related nutrients
(Rafferty and Heaney, 2008).

The benefits to bone health of including dairy products in the diet or risks of
excluding dairy products vary with the life stage. The relationship between milk
products and bone mineral content and bone mineral density (BMD) was reviewed
by US Department of Health and Human Services (USDHHS) and US Department
of Agriculture (USDA) (2005), which found that milk, foods fortified with dairy
calcium and calcium supplements all had comparable effects, increasing skeletal
mass in younger subjects and reducing loss of skeletal mass in older subjects. How-
ever, skeletal benefits of dairy calcium may persist longer than those derived from
calcium supplements (USDHHS and USDA, 2005).

A recent meta-analysis of 21 RCTs of calcium/dairy in children found no signifi-
cant differences in total body bone mineral content between groups supplemented
with dairy or calcium and comparison (control) groups. However, increased dietary
calcium/dairy products, with and without vitamin D, significantly increased total
body and lumbar spine bone mineral content in children with low dietary calcium
intakes (450-746 mg/day) at baseline (Huncharek, Muscat and Kupelnick, 2008). In
adolescents, controlled feeding studies with a range of calcium intakes show that
dietary calcium explains 12-22 percent of the variation in skeletal calcium acquisi-
tion in girls and boys (Braun et al., 2007; Hill ez al., 2008). In adolescent girls, BMD
has been shown to increase by up to 10 percent when 700 mg of supplemental
calcium was provided in the form of dairy foods, compared with an increase of
1-5 percent when the same quantity of calcium was provided as a calcium supple-
ment, suggesting that supplementation with dairy foods has a greater effect on bone
health than do calcium supplements (Kerstetter, 1995).

Some of the benefit of increased calcium intake is transient and the gain in BMD
is lost once calcium supplementation is discontinued (see references cited in Kalk-
warf, Khoury, and Lanphear, 2003 and Section 4.4.5). Most RCTs have been one to
two years in duration. However, a seven-year intervention study (Matkovic ez al.,
2005)** found that calcium supplementation (about 670 mg/day beyond a habitual
dietary calcium intake of about 830 mg/day, giving a total calcium intake of about
1 500 mg/day) affected BMD during the pubertal growth spurt but had a diminish-
ing effect thereafter because of the catch-up phenomenon in bone mineral accretion.
By young adulthood, significant effects of calcium supplementation were present at
metacarpals and at the proximal forearm in subjects who had better calcium com-

24 Note, however, that only 51 percent of the subjects completed the seven-year trial.
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pliance and in subjects who developed larger body frames (Matkovic et al., 2005).
In another study, gain in bone mineral mass in prepubertal girls was followed up
three to five years after discontinuation of calcium supplementation with calcium
phosphate extracted from milk incorporated in various foods, which provided on
average a calcium supplement of about 850 mg/day (Bonjour et al, 2001). The
authors concluded that this form of calcium phosphate taken during the prepubertal
period can modify the trajectory of bone mass growth and cause a long-standing
increase in bone mass accrual that lasts beyond the end of supplementation. In a
two-year RCT, early pubertal girls receiving 1 g calcium from cheese had greater
thickness of the cortical shell of the tibia than girls receiving the same amount of
calcium from calcium carbonate or who received a placebo (Cheng er al., 2005).
Based on these studies, Weaver (2008) concluded that advantage in bone gains due
to intervention generally disappeared when calcium supplements were used, but not
when the intervention was dairy.

Although bones may be more responsive to lifestyle choices in young people
rather than later on in life, a meta-analysis showed that in premenopausal women
of 18-50 years old a calcium intake of 1 000 mg/day or more was positively associ-
ated with bone mass (Welten et al., 1995). Consuming extra dairy products for
three years increased calcium intake to an average of 810-1 572 mg/day, reduced
vertebral BMD loss in premenopausal women (Baran et al., 1990). Dairy product
consumption may have particular protective effects on women taking oral con-
traceptives (OC). In young OC users aged 18-30 years with a habitual calcium
intake of less than 800 mg/day, increasing calcium intake to 1 000-1 100 mg/day or
1 200-1 300 mg/day) using dairy products (with an emphasis on non- and low-fat
milk) protected against loss of hip and spine BMD (Teegarden et al., 2005). The
authors speculate that an increase in calcium absorption mediated by an increase
in calcitriol (1,25-dihydroxyvitamin D) levels may explain the positive response in
bone accrual noted in OC users after dairy product intervention compared with
non-OC users.

Most RCTs in older adults use calcium and vitamin D supplements rather than
dairy products (Recker and Heaney, 1985; Elders ez al., 1994). In one trial involving
postmenopausal women that did use dairy products, adding 24 oz. of milk per day
(giving a mean calcium intake during milk supplementation of 1 471 mg/day) sup-
pressed bone turnover and improved calcium absorption resulting in an improve-
ment in calcium balance (Recker and Heaney, 1985). Few RCTs of either dairy or
calcium supplementation target younger adults.

Not all studies show an increase in BMD with calcium or dairy products: an anal-
ysis of the NHANES III data looked at the relative importance of dietary calcium
intake and 25-hydroxyvitamin D (25(OH)D) serum concentrations with respect to
total hip BMD among 9 961 individuals of 20 years of age or older (Bischoff-Ferrari
et al., 2009). This study found that calcium intake was not associated with BMD in
adults of any age or gender who had an adequate vitamin D intake (serum 25(OH)
D concentrations of greater than 50 nM). According to the authors, an advantage
of the cross-sectional design of this study is that this is more likely to represent the
long-term effects of calcium intake and 25(OH)D serum concentrations than would
a short-term intervention.
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4.4.4 Bone-remodelling transient

The bone remodelling transient is a temporary alteration in the balance between
bone formation and bone resorption brought about by any factor (e.g. drugs,
hormones or nutrients that alter either secretion of parathyroid hormone® or its
action on bone) that affects bone remodelling (Heaney, 2001). According to Heaney
(2001), because the remodelling activity is spread out over several months (several
weeks in growing children, approximately three months in young adults and 6-18
months in older adults), nutritional interventions that alter remodelling produce a
temporary phase lag between the normally coupled destructive and constructive
components of the bone-remodelling process. This phase lag, when observed as an
external balance or a dual-energy X-ray absorptiometry time course (commonly
used to measure BMD), is the remodelling transient. Steady-state effects of any
given nutrient intake can only be ascertained by measurements made after the
transient has passed. The significance of the transient for nutritional interventions is
both that early effects will always be misleading and that one can draw no inference
whatsoever about the new steady state from what one observes during the transient
phase (Heaney, 2001).

4.4.5 Limitations of studies using bone mineral density as an end point
BMD is used to define peak bone mass in young adults and is generally accepted to
be a strong predictor of fractures in the elderly (see Bischoff-Ferrari er al., 2007).
Bone mineral content in adults at any time is dependent on peak bone density
achieved during development and subsequent bone loss; therefore, low BMD can
result from poor bone accretion, accelerated bone loss or both (see Small, 2005 and
references therein). BMD is often used as a surrogate measure of efficacy in clinical
trials of osteoporosis therapies because even though studies with fracture incidence
as a primary end point provide the most meaningful assessment, these trials typi-
cally require large numbers of patients and often take at least three years to generate
sufficient data (Small, 2005). Although the majority of clinical trials with calcium
or dairy product supplementation in children and adolescents that have been com-
pleted to date show a positive effect of intervention on bone mass, they are generally
too short (one to three years) to address the question of whether it is the temporary
adaptation of bone tissue to the alteration in calcium intake that leads to peak bone
mass (Matkovic et al., 2005). The increase in bone mass observed in those short-
term studies could be explained to a large extent by the bone-remodelling transient
(see “Bone-remodelling transient”, above). However, to conduct controlled feeding
trials for sufficiently long periods for bone properties to change may not be practical
except for animal studies (Weaver, 2008).

4.4.6 Osteoporosis

Osteoporosis is a condition of low bone mass with increased risk of fracture. Bones
can get to that state through acquiring low peak bone mass during growth and/
or through accelerated bone loss later in life as depicted in Figure 4.1. Worldwide

25 Parathyroid hormone (PTH) regulates the quantity of remodeling activity.
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variation in the incidence and prevalence of osteoporosis is difficult to determine
because of problems with definition and diagnosis; the most useful way of compar-
ing osteoporosis prevalence between populations is to use fracture rates in older
people (WHO and FAO, 2003). Since osteoporosis is usually not life-threatening,
quantitative data from developing countries are scarce (WHO and FAO, 2003).
However, the consensus is that rates are many times higher in affluent developed
countries than in sub-Saharan Africa and Asia. Osteoporosis is most common
in Caucasian women living in temperate climates and least common in Africans
(WHO and FAO, 2003).

Diet appears to have only a moderate relationship to osteoporosis, but calcium
and vitamin D are both important, at least in older populations (WHO and FAO,
2003). Diets low in dairy products have been associated with increased risk of
osteoporosis: bone resorption rates increased after just six weeks of an intervention
designed to protect heart health by increasing fruit, vegetable and grain consump-
tion while decreasing meat and dairy consumption (which recorded significant
decreases in dairy servings per day and calcium and vitamin D from food) (Merrill
and Aldana, 2009). A meta-analysis of nine studies reported lower BMD of the
spine and hip in vegans than in those who consume milk (Ho-Pham, Nguyen,
and Nguyen, 2009). Retrospective studies show that low milk consumption (less
than one serving of milk/week) in childhood was associated with a doubling of
hip fracture in American postmenopausal women, independent of current milk or
calcium intake (Kalkwarf, Khoury, and Lanphear, 2003). However, no association
was found between adolescent milk intake and the risk of osteoporotic fractures
in these women. Higher calcium intakes throughout life (more than 800 mg/day)
were found to significantly reduce the odds of osteoporosis defined by BMD by
25 percent in relatively healthy postmenopausal Caucasian women, as did higher
current calcium and vitamin D intakes (Nieves et al., 2008). However, calcium and
vitamin D intake did not significantly reduce the odds of any fracture. The authors
ascribe a number of different reasons for this result, including insufficient power
(despite large sample of 76 507 and 2 056 new fractures in three years, there were
only 337 hip fractures), the multifactorial etiology of falls and fracture or the need
for even higher levels of vitamin D or calcium in postmenopausal women (Nieves ez
al., 2008). Regular consumption of cheese and milk as well as chicken, egg, fruit and
tea was protective against osteoporosis risk in Iranian women (Keramet ez al., 2008).

Milk avoidance is also associated with increased risk of fracture in children
(Goulding et al., 2004; Konstantynowicz et al., 2007). A milk-free diet (to avoid
cow-milk allergy) has been associated with increased fracture risk in girls (Kon-
stantynowicz et al., 2007), although the authors reported that it is unclear if this
association is due to the illness, calcium deficit or a deficit in other milk nutrients.
Based on their results, the authors concluded that the contribution of milk-free diet
to fracture liability among children and adolescents is modest. In another study, 50
children (3-13 years) who had avoided drinking cow milk for prolonged periods
were compared with those in a birth cohort of more than 1 000 children from the
same city (Goulding ez al., 2004). Children who avoided milk did not use calcium-
rich food substitutes appropriately and had low dietary calcium intakes and low
BMD values, and many were overweight. Significantly more of the milk avoiders
experienced more total fractures than the birth cohort population, all of the frac-
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tures occurring before puberty, leading the authors to conclude that young children
avoiding milk are prone to fracture.

Results of meta-analysis of trials studying the effects of calcium with or without
vitamin D on fracture prevention are mixed, depending on exclusion criteria, dose,
and baseline age and calcium and vitamin D status (Tang et al., 2007; Bischoff-
Ferrari et al., 2007; Boonen et al., 2007). Tang et al. (2007) found that in trials that
reported fracture as an outcome (17 trials, n=52 625), treatment was associated with
a 12 percent risk reduction in fractures of all types (risk ratio = 0.88, 95 percent
CI: 0.83-0.95; P=0.0004). The reduction in fracture risk was significantly greater
(24 percent) in trials in which the compliance rate was high (P<0.0001). The treat-
ment effect was greater with calcium doses of 1 200 mg or more than with doses of
less than 1 200 mg (0.80 vs 0.94; P=0.006) and with vitamin D doses of 800 IU or
more than with doses of less than 800 IU (0.84 vs 0.87; P=0.03). Boonen et al. (2007)
found that for six RCTs (45 509 patients) of vitamin D with calcium supplementation,
the pooled relative risk (RR) for hip fracture was 0.82 (95 percent CI: 0.71-0.94),
with results suggesting that oral vitamin D reduces the risk of hip fractures only
when calcium supplementation is added. However, on the basis of four RCTs with
separate results for hip fracture (6 504 subjects, predominantly postmenopausal
women, with 139 hip fractures), Bischoff-Ferrari ez al. (2007) found that there was a
significant increase in risk of hip fractures (pooled RR between calcium and placebo
1.64 [95 percent CI: 1.02-2.64]) when calcium supplementation between 800 and
1 200 mg/day was compared with placebo. For nonvertebral fractures there was a
neutral effect in the RCTs (Bischoff-Ferrari et al., 2007). Based on a meta-analysis of
pooled prospective studies, the same study found that calcium intake is not signifi-
cantly associated with hip fracture risk in men and women (Bischoff-Ferrari ez al.,
2007). A meta-analysis of prospective cohort studies that looked at milk intake also
concluded that there is no overall association between milk intake and hip fracture
risk in women, while in men a possible benefit of higher milk intake could not be
excluded, albeit based on limited data (Bischoff-Ferrari et al., 2011).

The current evidence is that milk-product intervention in postmenopausal
women and older men who have habitually low calcium intakes protects against
bone loss (Lau et al., 2001; Chee et al., 2003; Daly, Bass and Nowson, 2006). A
generalization from the literature may be that we need adequate supplies of both
vitamin D and calcium to obtain significant reductions in nonvertebral fractures
(especially hip fractures), and that those effects may be seen only in people who
have insufficient vitamin D or calcium (or both) (Nieves and Lindsay, 2007). In
addition, people need to consume an overall healthy diet that meets all nutrient
requirements. WHO and FAO (2003) concluded that increases in dietary vitamin
D and calcium in the older populations can decrease fracture risk in countries with
high fracture incidence. Other lifestyle recommendations included to increase
physical activity (particularly activities that maintain or increase muscle strength,
coordination and balance as important determinants of propensity for falling, and
regular lifetime weight-bearing activities, which can increase PBM in youth and help
to maintain bone mass in later life); reduce sodium intake; increase consumption of
fruits and vegetables; maintain a healthy body weight; avoid smoking; and to limit
alcohol intake.
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4.4.7 Calcium-deficiency rickets

Rickets is a progressive disease that begins with hypocalcemia and progresses to low
mineralization of the growth plate of growing bones. The classic clinical symptom is
deformity (bowing) of the arms and legs. Severe rickets is associated with deformi-
ties of the chest. Nutritional rickets may be caused by deficiency of either vitamin
D or calcium, or more often by a combination of both (Pettifor, 2008). Vitamin-
D-deficiency rickets is most prevalent within the first 18 months of life (Thacher
et al., 2006a), and is more common in countries lying at high latitudes both north
and south of the equator (Pettifor, 2008). It can also occur when vitamin D is in
the normal range but dietary calcium is very low (less than 300 mg/day). Calcium
deficiency depletes vitamin D status (measured by the amount of the inactive form)
as conversion of vitamin D to its active form calcitriol is accelerated (Thacher et
al., 2006b). Calcium- and/or vitamin-D-deficiency rickets have been reported in
young children in 59 countries (Thacher et al., 2006a). In Africa and some parts of
tropical Asia, calcium deficiency is the major cause of rickets, typically occurring
after weaning and after the second year of life (Thacher et al., 2006a). High-fibre,
low-calcium diets, common in these countries, can also increase clearance rates of
vitamin D (Batchelor and Compston, 1983). Calcium supplementation (between
350 and 1 000 mg/day) without vitamin D has been reported to heal rickets in
Nigeria (Craviari et al., 2008).

Although rickets had been almost eradicated in the twentieth century in many
developed countries, a recent resurgence of the disease has been recorded in a num-
ber of developed countries. An increased risk of rickets has been recorded among
the older children and adolescents in communities of recent immigrants in these
countries, indicating that the combined effect of low dietary calcium intake and
vitamin D deficiency may be involved, as their diets are typically low in calcium and
high in phytates (Pettifor, 2008). The re-emergence of rickets has also been reported
in Kenya (Bwibo and Neumann, 2003). The identified risk factors included: a low
intake of milk (hence of calcium and phosphorus), no intake of ocean fish (hence
a low vitamin D intake) and perhaps reduced exposure to sunshine and ultraviolet
light. The lack of milk in the diet was highlighted as a major factor by the authors,
and provision of milk supplements and vitamin D3 for one month led to a noticeable
regression of rickets in affected children (Bwibo and Neumann, 2003).

Minimal dairy intake is often a common characteristic associated with rickets.
Rickets is not a result of impaired calcium absorption efficiency (Graff et al., 2004),
nor was calcium absorption efficiency improved with vitamin D supplementation
in Nigerian children (Thacher ez al., 2009). Fischer, Thacher and Pettifor (2008) call
for more research before widespread vitamin D supplementation is advocated to
address rickets because the complex etiology is still being clarified. The final com-
mon pathway in the pathogenesis of rickets that has been suggested is an inability
to meet the calcium needs of the growing skeleton, whether from vitamin D defi-
ciency in the face of good calcium intake or from dietary calcium deficiency in the
face of vitamin D sufficiency (Pettifor, 2008). Ideally, nutritional rickets would be
prevented by ensuring all children receive adequate amounts of both vitamin D and
calcium (Thacher et al., 2006a, 2006b).
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4.4.8 Summary

The main dietary factors that affect bone mass are calcium and vitamin D,
while other nutrients such as potassium, zinc, vitamins A, C and K, protein and
energy also contribute. Few other foods naturally contain as much calcium as
milk. Calcium in milk also has high bioavailability. Calcium and vitamin D are
interdependent. The current recommended intake of vitamin D for ranges from 5
to 15 pg/day (FAO and WHO, 2002). FAO and WHO (2002) also recommended
a calcium intake of 1 300 mg/day for adults more than 65 years old in countries
with high animal protein consumption, and 800 mg/day for adults more than
65 years old in countries with low animal protein consumption (20-40 g/person
per day). However, this was based on calcium balance studies of average duration
90 days, not clinical outcomes; the time-scale of such calcium balance studies may
still be too short for true bone balance, and may merely reflect changes in the bone
remodeling transient rather than reflecting long-term calcium balance. The Expert
Consultation also highlighted the “calcium paradox”, i.e. that hip fracture rates are
higher in developed countries where calcium intake is higher than in developing
countries where calcium intake is lower, and suggested that it may be related to pro-
tein intake, vitamin D status or sodium intake. Recognizing that requirements may
vary, for countries with low consumption of animal protein (20-40 g/day), a lower
recommendation of 800 mg/day for adults more than 65 years old was proposed.
A subsequent WHO/FAO expert consultation (WHO and FAO, 2003) concluded
that there is convincing evidence that sufficient intake of vitamin D and calcium
together reduces the risk of osteoporotic fracture in older people. After considering
the strength of the evidence with fracture as an end point (rather than BMD), the
report recommended a minimum daily intake of 400-500 mg of calcium to prevent
osteoporosis in older people in countries with a high fracture incidence (WHO and
FAO, 2003). The report cautioned that before recommending increased calcium
intake in countries with low fracture incidence, the interaction between calcium
intake and physical activity, sun exposure and intake of other dietary components
and protective phytonutrients needs to be considered.

Many epidemiological studies have found a positive relationship between pro-
tein intake and bone mass or density, and some studies have reported an inverse
association between protein intake and hip fracture. High protein intakes have also
been found to enhance calcium absorption. Protein is a major bulk constituent of
bone and must be regularly supplied by the diet; milk and other dairy foods are
a source of dietary protein. Some dairy products also provide other nutrients that
support bone health, such as potassium, zinc and vitamin A, and if fortified, vita-
min D. Exercise has been shown to help prevent bone loss only if calcium intake
is greater than 1 000 mg/day. However, these conclusions are based on short-term
studies, and there is currently no evidence to support such an interaction in relation
to risk of fractures.

Overall, genetics are believed to control 60-80 percent of differences in bone
mass and environmental factors, such as diet and physical activity, 20-40 percent.
Increased calcium intake suppresses bone resorption relative to bone formation,
resulting in greater calcium balance. The impact of dietary dairy products on bone
health depends on life stage. In adolescents, dietary calcium explains 12-22 percent
of the variation in skeletal calcium acquisition. Dairy product consumption and cal-
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cium intake can also have a positive effect on bone mass in premenopausal women
and reduce bone mineral density loss. In older adults, the effectiveness of dairy/cal-
cium supplementation depends on various factors. BMD is used to define peak bone
mass in young adults and it is generally accepted to be a strong predictor of fractures
in the elderly. One limitation of BMD trials is that although a short-term increase in
BMD may be seen, effects may be transitory. Although the majority of clinical trials
with calcium or dairy-product supplementation in children and adolescents show a
positive effect of intervention on bone mass, they are generally too short to address
the question of whether it is the adaptation of bone tissue to nutritional challenge
that leads to peak bone mass. There is some evidence to suggest that advantages in
bone gains due to interventions may remain when the intervention is discontinued
if the intervention is dairy.

Osteoporosis is a condition of low bone mass with increased risk of fracture.
According to the WHO and FAO (2003), diet appears to have only a moderate
relationship to osteoporosis, but calcium and vitamin D are both important, at least
in older populations. Diets with low dairy product intake have been associated
with increased risk of osteoporosis. The results from two studies suggest that milk
avoidance is associated with increased risk of fracture in children. Milk consump-
tion in childhood may also protect against the risk of osteoporotic fractures in
postmenopausal women. However, milk consumption during adult life does not
appear to be associated with reduced risk of fracture. Milk-product intervention in
postmenopausal women and older men who have habitually low calcium intakes
appears to protect against bone loss. Meta-analysis of RCTs of calcium with or
without vitamin D show mixed results for fracture prevention: some studies suggest
an improvement in fracture outcome with calcium (Boonen er al., 2007; Tang et al.,
2007), some show no effect (Bischoff-Ferrari et al., 2007, for nonvertebral fractures)
and some even show an increase in fractures (Bischoff-Ferrari ez al., 2007, for hip
fractures). Meta-analyses of pooled prospective epidemiologic studies suggest that
calcium intake is not significantly associated with hip fracture risk in men and
women (Bischoff-Ferrari et al., 2007, 2011), although a possible benefit for men
of a higher milk intake could not be excluded (Bischoff-Ferrari et al., 2011). Most
of the evidence suggests that adequate supplies of both vitamin D and calcium are
necessary to see significant reductions in nonvertebral fractures, and those effects
may be seen only in people who have too little vitamin D or calcium (or both)
in their diets. Other lifestyle recommendations for reducing osteoporosis include
increasing physical activity; reducing sodium intake; increasing consumption of
fruits and vegetables; maintaining a healthy body weight; avoiding smoking; and
limiting alcohol intake. There is no satisfactorily answer to the question behind the
“calcium paradox”, i.e. why the vast majority of the world’s population consumes
500 mg of calcium or less per day and little or no dairy products and yet still has low
fracture rates. An overall healthy lifestyle and diet that includes adequate calcium
and vitamin D is perhaps the most appropriate recommendation. And we need
to keep in mind, as aptly stated by Nieves and Lindsay (2007), “Bone is not just
calcium, and calcium does not function in isolation”.

Calcium and/or vitamin D-deficient rickets have been reported in young children
in 59 countries. Nutritional rickets may be caused by either vitamin D or calcium
deficiency, or more often, by a variable combination of both. The final common
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pathway in the pathogenesis may be an inability to meet the calcium needs of the
growing skeleton, whether from vitamin D deficiency in the face of a good calcium
intake, or from dietary calcium lack in the face of vitamin D sufficiency. In Africa and
some parts of tropical Asia calcium deficiency is the major cause of rickets, typically
occurring after weaning and often after the second year of life (Thacher et al., 2006b).

4.5 DIETARY DAIRY AND ORAL HEALTH

Dental disease is the most common cause of tooth loss in developed countries
(USDHHS, 2000). Tooth decay is an increasing problem in developing countries as
diets change to include more sweet and processed foods (Liljemark and Bloomquist,
1996, cited in Aimutis, 2004).

Since the late 1950s, milk was believed to have a protective effect on tooth
enamel (Shaw, Ensfied and Wollman, 1959; Jenkins and Ferguson, 1966). Milk has
been suggested to have a protective effect against sugar when consumed together
(Bowen and Pearson, 2003, cited in Johansson and Lif Holgerson, 2011). The
anticariogenic effect of dairy products has been attributed to constituents such as
calcium, phosphate and casein (Aimutis, 2004). Bioactive components in milk may
also reduce dental caries by changing the microbial population of dental plaque,
i.e. by inhibition of adhesion of cariogenic streptococcal bacteria and establishment
of less cariogenic species such as oral actinomyces (Aimutis, 2004; Johansson and
Lif Holgerson, 2011). Animal studies have demonstrated reductions in dental car-
ies when soluble calcium and phosphate salts were added to foods (Bowen, 1971;
Grenby and Bull, 1975; van der Hoeven, 1985). Epidemiologic studies have shown
that children and adults with higher concentrations of calcium and phosphate in
their dental plaque had a lower incidence of dental caries (Ashley and Wilson,
1977; Schamschula et al., 1978). When caseinophosphopeptides from milk react
with calcium and phosphate at the tooth surface they produce colloidal amorphous
calcium phosphate complexes which promote remineralization of enamel in humans
(Aimutis, 2004).

In an in vitro study, yoghurt containing casein phosphopeptides prevented
demineralization of tooth enamel and enhanced its remineralization (Ferrazzano
et al., 2008). A Swedish study found that children who never ate cheese or ate it
only once in the five-day period recorded had an average of 1.5 surfaces affected by
caries, whereas those who ate cheese five times or more in the five-day period (i.e.
on average at least once a day) were caries free (Ohlund et al., 2007). The number of
caries did not correlate with intake frequency or total intake of any other food stud-
ied, which included biscuits, cakes, sweet rolls, ice cream, fruit syrup, soft drinks,
marmalade, jam, chocolate, candies and sugar (Ohlund et /., 2007). A similar study
in Japan suggested that high intake of yoghurt may reduce the prevalence of dental
caries in children but showed no association between caries and milk or cheese
consumption (Tanaka, Miyake and Sasaki, 2010). The exact mechanism by which
certain dairy products are anticariogenic is still unclear, but the current evidence
suggests that consumption of these milk products can protect against dental caries
(Johansson and Lif Holgerson, 2011). WHO and FAO (2003) reported that both
hard cheese and milk probably decrease risk of dental caries, and that hard cheese
also possibly decreases the risk of dental erosion.
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4.6 DAIRY INTAKE, WEIGHT GAIN AND OBESITY DEVELOPMENT

The increasing incidence of overweight and obesity is a global public health concern
(WHO, 2011a). WHO (2012c) estimates indicate that more than 1.4 billion people
are overweight (body mass index [BMI] between 25 and 30 kg/m?), 500 million of
whom are obese (BMI 30 kg/m? or more). Adult obesity rates continue to increase
and the WHO estimates that in many countries, including Argentina, Greece, the
United Kingdom and the United States, a large percentage of the population will
shift from the overweight category to the obese category between 2005 and 2015
(Dougkas et al., 2011). Obesity is associated with increased mortality and risk of
non-communicable chronic diseases such as CVD, diabetes, hypertension, certain
cancers and osteoporosis (Shetty and Schmidhuber, 2011).

4.6.1 Dietary patterns and the risk of obesity
The aetiology of obesity is complex and the assessment of dietary patterns related to
obesity has become increasingly popular in nutritional epidemiology (Jebb, 2007).
Excess energy consumed over a sustained period can lead to obesity. However,
certain dietary patterns are associated with a greater risk of obesity because of their
high energy content. A study of the dietary patterns of 15 890 Mexican adults found
that the patterns with the highest consumption of refined foods, sweets and animal
products were associated with being overweight or obese (Flores et al., 2010).
Sichieri (2002) reported that a “Western diet”, which included butter, margarine
and soda, was associated with an increased risk of obesity in adults living in Rio de
Janeiro. A cross-sectional study based in Mongolia (Dugee et al., 2009) concluded
that a traditional diet rich in whole milk, fats and oils, sugar and confectionery,
yoghurt, kumis (fermented mare milk), horse meat and refined wheat products was
associated with a greater risk of abdominal obesity than was a “healthy” diet with
greater intake of whole grains, mixed vegetables and fruits. The healthy diet also
included some dairy products, suggesting that consumption of moderate quanti-
ties?® of yoghurt and kumis does not increase the risk of obesity (Dugee et al., 2009).
Using data from the Danish Diet Cancer and Health Study, Halkjaer et al., (2009)
reported that, of 21 food and beverage groups examined (including high-fat and
low-fat dairy products), only snack foods (chocolates, sweets, liquorice, fruit, gum,
toffee, pork rind, potato crisps and French fries) were significantly associated with
subsequent five-year differences in waist circumference. Romaguera et al., (2011)
analysed data from 48 631 men and women from five countries participating in the
European Prospective Investigation into Cancer and Nutrition (EPIC) study and
concluded that a dietary pattern characterized by a high consumption of fruits and
dairy products and a low consumption of soft drinks, white bread, processed meat
and margarine may help to prevent abdominal fat accumulation.

The recent expert consultation on fats and fatty acids (FAO and WHO, 2010)
reported that “a general recommendation is to follow a dietary pattern predomi-
nantly based on whole foods (i.e. fruits and vegetables, whole grains, nuts, seeds,

26 Factor loading matrices were calculated for the three dietary patterns. The “traditional”
and “healthy” pattern had factor loading matrices of 0.519 and 0.225, respectively, for yoghurt
and kumis.
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legumes, other dietary fibre sources, seafood rich in long-chain PUFAs) with a rela-
tively lower intake of energy dense processed and fried foods, and sugar sweetened
beverages; and to avoid consumption of large portion sizes. Moderate consumption
of dairy products and lean meats and poultry can also be an important part of recom-
mended food-based dietary guidelines. Maintaining recommended dietary patterns,
appropriate energy intake and adequate physical activity levels are critical to prevent
unhealthy weight levels (i.e. overweight and obesity)” (FAO and WHO, 2010).

4.6.2 Association between dairy intake and weight status

Nutritional studies examined use a wide range of outcome and exposure measures
making it very difficult to compare results of studies. Sample sizes and the type of
dairy analysed vary and some studies do not control for energy restriction. If adjust-
ments are not made for total energy intake, the energy from dairy food in excess of
total daily energy requirement could confound the impact of dairy on obesity risk.
Additionally, direct comparison of prevalence rates of overweight and obesity is
difficult as different countries use different methodology, criteria and growth refer-
ences in classifying overweight and obesity.

FAO and WHO (2010) concluded that “there was convincing evidence that
energy balance is critical to maintaining healthy body weight and ensuring optimal
nutrient intakes, regardless of macronutrient distribution of energy as percent total
fat and percent total carbohydrates”. As it was not possible “to determine at a
probable or convincing level the causal relationship of excess energy and unhealthy
weight gain”, the current recommendation for a maximum intake level of 30-35 per-
cent of energy from fat was considered prudent. “There was agreement among the
experts that in populations with inadequate total energy intake, such as seen in
many developing regions, dietary fats are an important macronutrient to increase
energy intake to more appropriate levels” (FAO and WHO, 2010).

Epidemiological studies on dairy and obesity can be broadly categorized as
those that assess the positive effect of dairy on weight gain and those that examine
the protective role of dairy (particularly calcium) against weight gain. Louie et al.
(2011) recently systematically reviewed prospective cohort studies that assessed the
longitudinal relationship between dairy and obesity. Out of 19 studies, eight (three
involving children and five involving adults) showed a protective association of
dairy intake against weight gain, seven found no impact on weight, one reported a
significant protective association among overweight men, one reported an increased
risk of weight gain among children with a high milk intake, and two studies reported
both an increased and decreased risk of weight gain, depending on the dairy food
type. Low-fat products were not found to be any more beneficial to weight status
than whole milk or full-fat products. Thus, although there is some indication of a
protective effect of dairy on weight, it is not conclusive, suggesting that if such an
effect exists the magnitude is likely to be small (Louie ez al., 2011). Additionally,
a recent systematic review of 16 studies reported that “the observational evidence
does not support the hypothesis that dairy fat or high fat dairy foods contribute to
obesity and suggests that high fat dairy consumption within typical dietary patterns
is inversely associated with obesity risk” (Kratz, Baars and Guyenet, 2012).

In a study of 14 618 adults in the United States, Beydoun ez al. (2008) found
a positive association between cheese consumption and obesity and a negative
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association between yoghurt and obesity, possibly due to the higher energy density
in cheese compared with other dairy products. The lack of a relationship between
milk or dairy-product intake and weight gain is also supported by Mozaffarian et
al. (2011). This large-scale investigation involved three separate cohorts (Nurses’
Health Study, Nurses” Health Study II and the Health Professionals Follow-up
Study) totalling 120 877 women and men in the United States and examined the
relationship between multiple lifestyle changes (diet, physical activity, television
watching, alcohol use, sleep duration and cigarette smoking) and long-term weight
gain. The authors assessed a range of dietary factors including fruits, vegetables,
whole and refined grains, potatoes, potato crisps, whole-fat and low-fat dairy
products, sugar-sweetened beverages, sweets and desserts, processed meats, unpro-
cessed red meats and fried foods. They reported that “eating more or less of any
one food or beverage may change the total amount of energy consumed, but the
magnitude of associated weight gain varied for specific foods and beverages. The
analysis showed relatively neutral associations between change in the consumption
of most dairy foods and weight gains” (Mozaffarian et al., 2011). All liquids except
milk were positively associated with weight gain and no significant differences were
observed for low-fat and skim milk versus whole-fat milk. Yoghurt consumption
was associated with less weight gain in all three cohorts; however the mechanism for
this finding is not clear (Mozaffarian et al., 2011).

A recent systematic review of RCTs found that increased dairy intake without
energy restriction may not lead to significant change in weight, whereas dairy
consumption in energy-restricted diets result in a greater reduction of weight and
fat mass and gain in lean body mass (Abargouei ez al., 2012). In controlled feeding
studies in adults and adolescents, dairy did not affect energy balance (Van Loan et
al., 2011; Weaver et al., 2011).

Dairy consumption and childhood obesity
Whether dairy consumption in childhood has an etiologic role in the development
of obesity in later life is an open area of discussion (Moore et al., 2006). IGF-1 lev-
els may be indicative of risk of obesity as IGF-1 may be one of the factors involved
in fat-cell formation. This is supported by some observations of high IGF-1 levels
in obese children. However, not all clinical evidence supports this and normal con-
centrations of IGF-1 have also been reported in obese children (Hoppe, Molgaard
and Michaelsen, 2006). IGF-1 may further contribute to obesity development as
it suppresses the secretion of growth hormone, which is related to lean body mass
(Hoppe, Molgaard and Michaelsen, 2006; Dougkas et al., 2011). The impact of
milk protein intake on body composition has not been fully elucidated. Intake of
dairy protein in infancy may increase the risk of excess weight gain in childhood
(Hoppe et al., 2004; Gunther ez al., 2007). However, it is also important to consider
that body weight includes fat, muscle and bone mass and the association between
dairy protein and weight gain in children may be related to the increase in non-fat
mass during growth and development (Cadogan er al., 1997; Spence, Cifelli and
Miller, 2011).

In a cohort study of 12 829 American children between the ages 9 and 14 years,
Berkey et al. (2005) found that the BMI of children who drank more than three
servings of milk per day increased more than that those who drank less milk as a



138

Milk and dairy products in human nutrition

result of the additional energy intake. Fat intake (total or from dairy, vegetable or
other source) was not significantly associated with weight gain after energy adjust-
ment, suggesting that the most important predictor of weight change is total energy
intake. Notably, dietary calcium and low-fat milk (skim and 1 percent milk) were
also associated with weight gain. The effects of dietary calcium and milk appear to
be explained by energy intake as the associations were attenuated when energy was
adjusted (Berkey et al., 2005).

4.6.3 Dairy as part of a weight loss strategy

Calcium and 1,25-hydroxyvitamin D regulate lipid metabolism in adipose cells by
stimulating fatty acid oxidation and suppressing lipogenesis. Studies also suggest
that calcium may decrease fatty acid absorption and increase faecal fat losses (Caan
et al., 2007). However, experimental data in this area are inconclusive. Few studies
have investigated the effect of calcium on weight and these have tended to be of
short duration with small sample sizes and results should be interpreted with cau-
tion (Theobald, 2005; Caan et al., 2007).

Cross-sectional epidemiological studies indicate that high dairy food intake
can affect weight management, but prospective studies and randomized controlled
intervention trials have yielded inconsistent results. Some clinical studies have
shown that diets that include three servings of dairy foods per day may enhance
body weight and/or fat loss and reduce abdominal fat compared with those that
contain little or no dairy (Zemel er al., 2004; Zemel et al., 2005a, 2005b). However,
this effect is generally seen in obese and overweight individuals when calories are
moderately restricted and dairy/calcium intakes are increased from inadequate to
adequate (Zemel et al., 2004; Zemel et al., 2005a, 2005b).

Tremblay and Gilbert (2011) reported that low dietary calcium is a risk factor
for overweight and obesity and that calcium/dairy supplementation may accentuate
the impact of a weight-reducing programme in obese people with a low calcium
intake. However other studies refute any impact effect of calcium supplementation
on weight loss, and some suggest that intakes of milk and dairy must surpass a
threshold before beneficial effects on body weight are seen (Harvey-Berino et al.,
2005; Ferland er al., 2011; Rosado et al., 2011). In a systematic review of the effects
of calcium supplementation on body weight, Trowman et al. (2006) concluded
that supplementation with calcium supplements or dairy products has no statisti-
cally significant association with a reduction in body weight. The Women’s Health
Initiative RCT of calcium and vitamin D supplements, which involved 36 282
postmenopausal women and lasted more than seven years, reported a minimal
effect of calcium on weight, primarily in participants who had reported inadequate
calcium intakes (Caan et al., 2007). The authors also remarked that the benefit of
calcium on weight maintenance may be small, and may have been detected in this
RCT only because of its large sample size. Using data from the prospective cohort
Health Professionals Follow-up Study, Rajpathak et al. (2006) concluded that the
data do not support the hypothesis that an increase in dairy or calcium intake is
associated with lower long-term weight gain in men. Theobald (2005) states that
“further research is required in this area to determine whether or not calcium plays
a role in weight management and if so what the mechanisms may be. It is too early
to promote weight-loss benefits of additional calcium” (Theobald, 2005).
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Some studies suggest that moderately increasing protein intake, while control-
ling total energy intake may improve body composition and improve body-weight
maintenance (Westerterp-Plantenga, 2003; Paddon-Jones et al., 2008; Abou-Samra
et al., 2011). The potential positive outcomes associated with increased protein
are thought to be due to lower energy intake associated with increased satiety and
increased thermogenesis. Findings of studies of the impact of dairy proteins, whey
and casein, on satiety are inconclusive (Abou-Samra et al., 2011). The effects of
whey protein, such as reduction of short-term food intake and increased satiety
have been mostly observed in short-term experiments when whey is consumed
in much larger amounts than that found in usual serving sizes of dairy products
(Luhovyy, Akhavan and Anderson, 2007). Inconsistencies in the studies may be
attributed to the study design, subject sample or the different physical properties of
the proteins used. Additionally, dairy proteins are consumed in food form (Ander-
son et al., 2011) and as such, “despite the suggestion of acute or transient benefits
attributable to specific proteins, any such effect may be masked by the concomitant
ingestion of a mixture of proteins and other macronutrients in a normal mixed diet”
(Paddon-Jones et al., 2008).

There is a need for well-designed long-term intervention studies that clearly
define the primary outcome (body-weight changes or measures in adiposity) to
confirm if dairy products can increase weight loss and/or improve weight mainte-
nance (Harvey-Berino et al., 2005; Major et al., 2008; Van Loan, 2009; Zemel, 2009;
Dougkas et al., 2011).

4.7 DAIRY INTAKE, METABOLIC SYNDROME AND TYPE 2 DIABETES
Metabolic syndrome (MetS) describes a cluster of metabolic abnormalities that are
risk factors for CVD and type 2 diabetes mellitus (T2DM), including abdominal
obesity, hypertension, elevated fasting glucose, elevated triglycerides and low
high-density lipoprotein (HDL) cholesterol (Mokdad et al., 2001). Worldwide,
197 million people have impaired glucose tolerance due to obesity and MetS, and it
is estimated that by 2025 this number will rise to 420 million (Hossain, Kawar and
Nahas, 2007). Recommendations for preventing and managing MetS include reduc-
ing obesity, increasing physical activity and effecting dietary change?” (Grundy ez
al., 2004). According to the International Diabetes Federation, primary management
of MetS includes promoting healthy lifestyle with energy restriction (to achieve a
5-10 percent loss of body weight in the first year), moderate increases in physical
activity, a reduction in total and saturated fat intake, increased fibre intake and
reduced salt intake (Alberti, Zimmet and Shaw, 2006). In addition, whenever pos-
sible, a normal BMI and/or normal waist circumference should be a long-term target
of lifestyle interventions. However, Feldeisen and Tucker (2007) suggest that a diet
low in saturated fat (rather than low in total fat), trans fat and cholesterol, and a
balanced carbohydrate intake rich in dietary fibre, fruit and vegetables, and inclusion
of low-fat dairy products may be most beneficial for reducing the risk of the MetS.

%7 These recommended dietary guidelines include low intakes of saturated fats, trans fats and
cholesterol; reduced consumption of simple sugars; and increased intakes of fruits, vegetables
and whole grains.
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Dietary patterns with higher dairy intake have been shown to be associated with
reduced risk of some of the MetS components (Appel ez al., 1997; Azadbakht et al.,
2005; Tremblay and Gilbert, 2009). In a systematic review of observational evidence,
Tremblay and Gilbert (2009) reported that the odds for developing MetS was 0.71
(95 percent CI: 0.57-0.89) for the highest dairy intake (3—4 servings per day) versus
the lowest dairy intake (0.9-1.7 servings per day). Dairy consumption was also
found to have favourable effects on blood pressure and obesigenic parameters, albeit
the results were less consistent. Appel et al. (1997) showed that a combination of
fruits, vegetables and low-fat dairy (the so-called “Dietary Approaches to Stop
Hypertension (DASH) diet”) resulted in the greatest reductions in blood pressure,
whereas a fruit and vegetable diet that excluded dairy products was about half as
effective. A DASH diet was also found to increase HDL cholesterol, lower triglyc-
erides, lower blood pressure, promote weight loss and reduce fasting blood glucose
in both men and women in Tehran as compared with the control diet (Azadbakht
et al., 2005). In a French prospective study with a nine-year follow-up, Fumeron
et al. (2011) reported that “dairy (except cheese) consumption and dietary calcium
density were inversely associated with incident MetS and T2DM and all parameters
were associated with lower diastolic blood pressure and triglycerides”.

Although some studies suggest that consumption of dairy food may have a ben-
eficial impact on the MetS components (Mensink, 2006; Pfeuffer and Schrezenmeir,
2007; Fumeron et al., 2011), Dietary Guidelines Advisory Committee (DGAC)
(2010) concluded that there is limited evidence demonstrating that consumption of
milk and dairy products is associated with reduced risk of MetS.?® There is, how-
ever, moderate evidence showing an association between milk and dairy product
consumption and lower incidence of T2DM in adults?® (DGAC, 2010). A number
of review studies have been published since the DGAC (2010) report. In a system-
atic review and meta-analysis involving five cohorts involving 184 454 participants,
the relative risk for T2DM was estimated to be 15 percent lower in people who had
a high milk intake®® (Elwood ez al., 2010). In another meta-analysis of seven cohort
studies involving 328 029 participants, Tong et al. (2011) also found an inverse asso-
ciation between dairy consumption and T2DM, especially low-fat dairy (RR 0.82,
95 percent CI: 0.74-0.90) and yoghurt (RR 0.83, 95 percent CI: 0.74-0.93). Con-
sumption of high-fat dairy foods and whole milk was not associated with the risk
of T2DM. In a recent systematic review of dairy consumption and MetS involving
10 cross sectional studies (36 113 participants) and three prospective cohort studies
(13 795 participants), Crichton et al. (2011) reported that the majority of studies

28 The conclusion reached for the relationship between milk/milk products and MetS was based on one
systematic review with meta-analysis (Elwood ez al., 2008), one prospective cohort study (Snijder ez
al., 2008) and two cross-sectional studies (Ruidavets et al., 2007; Beydoun et al., 2008).

29 The conclusion reached for the relationship between milk/milk products and T2DM was based
on the systematic review with the meta-analysis of four prospective studies on diabetes (Elwood
et al., 2008).

39 Within the studies, the quantity of milk defined as high and low varied. Most of the studies used
quartiles or quintiles of the distribution of intakes while other studies reported the occasion or
frequency, for example two or more servings of dairy foods per week versus less than one serving
per month.
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suggest that consumption of dairy products reduces the risk of having MetS, but
conclude that methodological differences, possible biases and other limitations in
the studies prevent conclusions being drawn. Thus, overall, although more research
is needed, there is emerging evidence that dairy product consumption may decrease
risk of MetS and T2DM.

The mechanisms by which dairy products may affect T2DM and MetS are not yet
clear. The effect of dairy consumption on T2DM may be mediated through calcium
and vitamin D (Pittas ez al., 2007). Calcium intake may increase fat oxidation and
suppress adipose tissue oxidative and inflammatory stress, while vitamin D may
enhance the thermic effect of a meal and hence increase fat oxidation (see Tong et al.,
2011 and references therein). Other components in dairy products may also have a
role in lowering the risk of T2DM (see Tong et al.,, 2011 and references therein). For
example, dairy protein may reduce the risk of overweight and high blood pressure,
major risk factors for T2DM. Dairy proteins may increase satiety, which may reduce
energy intake. Additionally the proteins are precursors of peptides that inhibit
angiotensin-I-converting enzyme, which may reduce blood pressure. However these
effects have been inconsistently reported in human studies (van Meijl, Vrolix and
Mensink, 2008). Furthermore, the fatty acid trans-palmitoleate, which is obtained
primarily from whole-fat dairy, has been associated with a lower incidence of dia-
betes (Mozaffarian et al., 2010). More research is needed to better understand the
mechanisms involved and the relationship between dairy consumption and MetS and
the risk of T2DM (Van Loan, 2009; Crichton et al., 2011).

4.8 DAIRY INTAKE AND CARDIOVASCULAR DISEASE

Cardiovascular diseases (CVDs) are a group of disorders of the heart and blood
vessels and include CHD (disease of the blood vessels supplying the heart muscle);
cerebrovascular disease (disease of the blood vessels supplying the brain); peripheral
arterial disease (disease of blood vessels supplying the arms and legs); rheumatic
heart disease (damage to the heart muscle and heart valves from rheumatic fever,
caused by streptococcal bacteria); congenital heart disease (malformations of heart
structure existing at birth); deep vein thrombosis and pulmonary embolism (blood
clots in the leg veins, which can dislodge and move to the heart and lungs); and heart
attacks and strokes (mainly caused by a blockage that prevents blood from flowing
to the heart or brain) (WHO, 2012a). CVD kills 17 million people worldwide each
year and is the world’s number one cause of death (WHO, 2008). Many risk factors
for CVD can be controlled; these include cigarette smoking, physical inactivity, high
blood pressure (hypertension), elevated total and LDL blood cholesterol, reduced
HDL cholesterol, elevated triglycerides and overweight/obesity (Krauss et al., 2000;
Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults, 2001, Thom ez al., 2006). Worldwide, raised blood pressure is estimated
to cause 7.5 million deaths annually; raised blood pressure is a major risk factor for
CHD and ischaemic and haemorrhagic stroke (WHO, 2012b).

Milk and dairy foods are most often linked to CVD risk/events on account of the
milk fat, particularly the high content of SFA. Other nutrients in milk have also been
implicated with CVD risk, such as protein (Bernstein et al., 2010), lactose (Segall,
1994; Moss and Freed, 2003) and the high calcium-to-magnesium ratio (Moss and
Freed, 2003). As milk fat and protein contents are genetically correlated (if the fat
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content has not been artificially adjusted by processing — see Chapter 3, section on
Lactation stage and milk composition), the milk protein-CVD hypothesis is not
unreasonable (but only if the fat hypothesis is accepted). The lactose-hypothesis has
been criticized as being based on unconvincing ecological data (Al-Delaimy, 2008).
However, other nutrients in dairy foods such as calcium, monounsaturated fatty
acids (MUFAs), PUFAs’! and protein may modify risk factors for CHD (Gibson
et al., 2009). Dairy foods are rich in calcium and two meta-analyses of RCTs have
demonstrated that increased calcium intake appears to reduce high blood pressure
(Bucher et al., 1996, and Allender et al., 1996, cited in Gibson et al., 2009). Potas-
sium and dairy phosphorus have also recently been associated with antihypertensive
effects (Soedamah-Muthu et al., 2011).

4.8.1 Effects of dietary fat on cardiovascular disease

The recent FAO/WHO expert consultation on fats and fatty acids (FAO and
WHO, 2010) concluded that that there is no probable or convincing evidence
for significant effects of total dietary fats on CHD or cancer. Of primary
concern and importance was the possible relationship between total dietary fat
and body weight (overweight and obesity). The consultation recommended that
20-35 percent of energy in the diet should come from fat, with a minimum of
15 percent to ensure adequate consumption of total energy, essential fatty acids
and fat-soluble vitamins.

The expert consultation concluded that individual SFAs have different effects
on the concentration of plasma lipoprotein cholesterol fractions. For example,
lauric (C12:0), myristic (C14:0) and palmitic acids (C16:0) increase LDL choles-
terol whereas stearic acid (C18:0) has no effect. The report recommended that
total intake of SFAs should not exceed 10 percent of total dietary energy, and
SFAs should be replaced with n-3 and n-6 PUFAs, based on convincing evidence
that this replacement can decrease the risk of CHD (FAO and WHO, 2010).
The long-chain PUFAs alpha linolenic acid (C18:3 n-3), eicosapentanoic acid
(C20:5 n-3) and decosahexaenoic acid (C22:6 n-3) can be part of a healthy diet
contributing to the prevention of CHD (FAO and WHO, 2010). ASF including
milk are sources of n-6 and n-3 FAs, although milk contains less than fish, meat,
poultry and eggs (Michaelsen et al., 2011b). The expert panel also stated that there
is convincing evidence that replacing SFAs (C12:0 to C16:0) with PUFAs reduces
LDL-cholesterol concentration and the ratio of total cholesterol to HDL choles-
terol. The expert panel noted that there is probable evidence that replacing SFAs
with largely refined carbohydrates does not reduce CHD, and may even increase
the risk of CHD and MetS. There was insufficient evidence for establishing
relationships between MUFA consumption and CHD (FAO and WHO, 2010).
The expert panel found convincing evidence that industrial TFA (iTFA) increases
CHD risk factors and CHD events. The experts reported that the estimated aver-
age daily ruminant TFA (rTFA) (from the consumption of milk/dairy products
and meat/meat products from ruminant sources such as cows, sheep and goats) is

31 As noted in Chapter 3, cow milk contains only about 6 g PUFA/ 100 g total fatty acid.



Chapter 4 — Milk and dairy products as part of the diet

143

low among adults in most countries, and the scientific evidence for health effects
of these levels of rTFA consumption warrants only limited concern. A total TFA
intake of less than one percent of dietary energy was recommended. A recent
systematic review and meta-analysis of cohort studies (Bendsen ez al., 2011) sup-
ports the conclusions regarding iTFA and rTFA and risk of CVD.

Studies that have been published since the expert consultation are generally in
agreement with the conclusions of the panel. For example, a recent review sup-
ports the conclusions relating to total fat and SFAs (Hooper et al., 2011): there was
moderate evidence to suggest that modification of dietary saturated fat content®
and reduction of saturated fat intake (but not reduction of total fat) may reduce
cardiovascular events overall by 14 percent (RR 0.86, 95 percent CI: 0.77-0.96,
65 508 participants). However, no significant evidence was found for concluding
that dietary saturated fat is associated with an increased risk of CVD in another
recent meta-analysis of prospective cohort studies (Siri-Tarino et al., 2010). The
presumed beneficial effects of diets with reduced saturated fat for CVD risk may
be dependent on a significant increase in polyunsaturated fat in the diet (Siri-Tarino
et al., 2010). A large evidence base suggests that n-6 PUFAs reduce risk of CHD
(Kris-Etherton, Fleming and Harris, 2010) by lowering LDL and total cholesterol
levels. In contrast with these studies, a recent study on patients with type 1 diabetes
mellitus® found no statistically significant association between SFA and CVD and
all-cause mortality, nor between all-cause mortality risk and replacing 5 percent of
energy from SFAs with energy from PUFAs, MUFAs or carbohydrates (Schoenaker
et al., 2012). However, the authors say the discrepancy with earlier studies that show
a reduced CVD risk with replacement of SFAs by PUFAs may be explained by a
lack of power in their study.

4.8.2 Studies that support reducing animal products and the argument for
low-fat versus high-fat dairy products

This section considers some of the studies that are often cited in support of the

reduction of animal fat/protein consumption, including dairy.

One of the best known ecological studies of diet and CHD is the Seven Coun-
tries Study, in which baseline surveys were carried out between 1958 and 1964
and a number of individual characteristics measured in 12 763 middle-aged men
belonging to 16 cohorts in Finland, Greece, Italy, Japan, The Netherlands, the
United States and former Yugoslavia (Menotti, Kromhout and Blackburn, 1999). A
25-year follow-up study reported a direct correlation between dietary fat and total
cholesterol levels and between total cholesterol levels and coronary-related mortal-
ity. Significant positive correlations between CHD mortality were reported for

32 A modified fat diet was considered to be one that aimed to include 30 percent or more energy from
total fats, and included higher levels of monounsaturated or polyunsaturated fats than a “usual”
diet. A low-fat diet was considered to be one that aimed to reduce fat intake to less than 30 percent
of energy from fat, and at least partially replace the energy lost with carbohydrates (simple or com-
plex), protein or fruit and vegetables.

33 Patients with type 1 diabetes mellitus are at a markedly increased risk of CVD, and dietary recom-
mendations for prevention and treatment of both CVD and diabetes have focused on reducing SFA
intake and increasing fibre intake (Schoenaker er al., 2012).
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consumption of butter, meat, pastries, milk and sugar. In contrast, significant nega-
tive correlation coefficients were seen for legumes, alcohol and oils. Food patterns
associated with high CHD mortality rates were characterized by high consumption
of butter, dairy products and other animal products (excluding fish), usually rich
in SFAs and cholesterol. The authors noted that their results justify interest in the
Mediterranean diet for prevention of CHD, as it is rich in plant foods and relatively
poor in animal foods.

Another large-scale study that supports cutting down high-fat dairy products
is the North Karelia Project in Finland. This comprehensive community-based
programme was started in 1972. The population of the neighbouring province
Koupio was used as a control. At the start of the project, smoking among men was
extremely common, and blood pressure levels and serum cholesterol levels were
extremely high in North Karelia, ascribed to a diet high in saturated fat, especially
dairy fat (Puska, 2010). Although the evaluation of the first five years of the project
did not show any differences in the trends in coronary mortality between North
Karelia and Kuopio (Salonen et al., 1983), annual CVD mortality rates among the
working age population in Finland as a whole have been reduced by 80 percent
since 1969 (Puska, 2009). Total fat consumption has reduced from close to 40 per-
cent of dietary energy to a little over 30 percent, with major reductions in saturated
fat intake and some increase in polyunsaturated fat intake. The national butter con-
sumption per capita has reduced from about 18 kg in 1965 to less than 3 kg in 2005
(Puska, 2009). Use of vegetable oil for cooking has increased from close to 0 percent
in 1970 to about 50 percent. Fruit and vegetable consumption has increased and
salt intake has reduced. The dietary changes have caused a remarkable reduction
in blood cholesterol levels, with a subsequent reduction in blood pressure levels in
men aged 30-59 years. However, there has been much criticism of both the original
hypothesis and subsequent representation of results of the North Karelia Project
(see Maijala, 2000 and references therein). The criticisms have included the claim
that the decrease in CHD mortality rates seen in the population of the neighbouring
province used as a control was similar to or even sometimes larger than those seen
in North Karelia.

The DASH study was a multicentre, randomized controlled clinical trial involv-
ing 459 participants that tested the effects of dietary patterns on blood pressure
(Appel et al., 1997). For three weeks prior to the intervention phase, all subjects
were fed a control diet that was low in fruits, vegetables and dairy products, with a
fat content typical of the average diet in the United States.The intervention consist-
ed of eight weeks on a “combination diet” that was rich in fruit and vegetables and
low-fat dairy products. This was compared with subjects assigned to a control diet
(“typical American diet”) and with subjects assigned to a fruit-and-vegetable diet
that provided high levels of potassium, magnesium, fibre, fruit and vegetables, and
fewer snacks and sweets than the control diet. The combination diet reduced blood
pressure more than the other two diets both in subjects with hypertension and in
those without hypertension. The reductions in blood pressure were achieved after
two weeks and sustained for six more weeks. The study concluded that a diet rich
in fruits, vegetables and low-fat dairy foods and with reduced saturated and total
fat contents can substantially lower blood pressure. The authors emphasized that
DASH was an 11-week feeding study. As such, it was not designed to assess either
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adherence to the diets among people selecting their own food or the long-term
effects of the diets on blood pressure and clinical cardiovascular events. Although
European guidelines on CVD prevention recommend healthy nutrition based on
the DASH trial, whether this effect on CVD is due to low-fat dairy product intake
is not yet proven (Soedamah-Muthu et al,, 2011). According to other authors, the
DASH study was an efficacy-feeding study, not an effectiveness study; therefore, it
may not have any effect on CHD events despite its known metabolic effects (Yancy
et al., 2003).

The current recommendations by health authorities and governments to eat low-
fat dairy foods in preference to high-fat dairy foods are also supported by the data
published in 1999 from the Nurses Health Study (Hu ez al., 1999), which examined
high- versus low-fat dairy foods. This was a large prospective cohort study of
female nurses aged 34-59 years residing in the United States (baseline population
greater than 80 000), and included a 14-year follow-up. This found that total fat
intake was not significantly related to the risk of coronary disease. The study also
showed that the ratio of high-fat dairy (whole milk, hard or cream cheese, ice cream
and butter) to low-fat dairy (skim or low-fat milk, yoghurt and cottage cheese)
consumed was positively associated with risk of CHD, even though separate analy-
ses of intakes of high-fat and low-fat dairy food showed no significant association
with CHD. Among the dairy products, consumption of whole milk was associated
with a significantly increased risk of CHD. In contrast, a greater consumption of
skim milk was associated with a non-significantly lower risk of CHD. Dairy foods
were among the top five contributors to total saturated fat intake, with hard cheese
contributing 11 percent of the intake and low-fat milk 4 percent.

Bernstein ez al. (2010) found that higher intakes of red meat, red meat excluding
processed meat, and high-fat dairy (whole milk, ice cream, hard cheese, full-fat
cheese, cream, sour cream, cream cheese and butter) were significantly associated
with elevated risk of CHD. Higher intakes of poultry, fish and especially nuts were
significantly associated with lower risk. The authors concluded that the risk of
CHD may be reduced by changing the sources of protein in the diet.

In the Cornell China Study, dietary, lifestyle and disease mortality data were
collected in 1983 from 6 500 adults in 65 counties in rural China. People in rural
China consumed one third less fat daily than people in the United States, 10 times
less animal protein and three times more fibre and had profoundly less CVD (5.6-
and 16.7-fold lower, for men and women, respectively) (Campbell and Chen, 1999).
Energy intake per kg of body weight was about 30 percent higher in China than in
the United States, but the prevalence of obesity was much lower in China. Higher
animal protein intake in the United States was linked to higher blood cholesterol
levels. Combined CHD mortality rates for men and women in rural China were
found to be inversely associated with the intake of green vegetables. However,
lifestyle factors other than diet (e.g. spirituality, levels of stress) (Mullin, 2010) and
factors such as smoking, physical activity, adiposity etc. may have confounded
these results.

The Mediterranean-style diet (MD), which refers to a dietary profile commonly
available in the 1960s in the various countries bordering the Mediterranean Sea, has
long been reported to have cardioprotective properties (Sofi et al., 2010; Kastorini
et al., 2011). It is characterized by high consumption of MUFAs, primarily from
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olives and olive oil, and encourages daily consumption of fruits, vegetables, whole
grain cereals and low-fat dairy products;®* weekly consumption of fish, poultry,
tree nuts and legumes; a relatively low consumption of red meat, approximately
twice a month; and a moderate daily consumption of alcohol, normally with meals
(Kastorini et al., 2011). A systematic review and meta-analysis of 18 prospective
cohort studies covering over 2 million people with follow-up ranging from four
to 20 years (Sofi et al., 2010) found that a two-point increase of the score that
estimates adherence to the MD was associated with a significant reduction of
overall mortality (RR: 0.92; 95 percent CI: 0.90-0.94) and cardiovascular incidence
or mortality (RR: 0.90; 95 percent CI: 0.87-0.93).> A recent meta-analysis that
looked at six RCTs (total of 2 650 individuals) that compared an MD with low-fat
diets in overweight/obese individuals with a minimum follow-up of 6 months,
reporting intention-to-treat data on CVD risk factors found that the MD appears
to be more effective than low-fat diets in inducing clinically relevant long-term
changes in cardiovascular risk factors*® and inflammatory markers (Nordmann ez
al., 2011). Finally, a meta-analysis of 50 studies (a mix of clinical trials, prospective
studies and cross-sectional studies) which included over 500 000 individuals and
looked at the effect of the MD on MetS and its components found that adherence
to the MD was associated with reduced risk of MetS and components of MetS*’
(Kastorini et al., 2011).

4.8.3 Recent review studies on milk/dairy consumption with respect to
cardiovascular disease
Although no adequately powered RCTs are available that isolated milk/dairy as
the intervention, large cohort studies with prospectively collected baseline data on
health, lifestyle and diet provide important information that can be used to assess
the effect of milk and other dairy products on CHD risk. Several recent review
studies have looked specifically at milk/dairy food consumption and CVD, some
of which have conducted a meta-analysis of available cohort data. The key findings
of review studies published during the last five years are summarized in Table 4.4.
Alvarez-Le6n, Romdn-Vifias and Serra-Majem (2006) reported an inverse
association between intake of dairy products and hypertension and stroke. The
authors comment that low-fat dairy products fulfil the recommendation for a diet
low in sodium and with adequate intakes of calcium, magnesium and potassium
to prevent hypertension. Gibson et al. (2009) noted that, while dairy foods are a
source of SFAs, there is no consistent evidence that consumption of dairy foods is

3* The Mediterranean dietary pattern is not homogeneous. Although most authors seem to agree that it
includes a moderate fat content (mainly from olive oil and nuts) and is rich in fruit, vegetables, leg-
umes and complex carbohydrates, low in red meat and includes moderate consumption of fish and
low to moderate amounts of red wine with meals, the role of dairy appears to be less clear cut.

35 The study also found a significant reduction in cancer incidence or mortality (RR: 0.94; 95% CI:
0.92, 0.96) and neurodegenerative diseases (RR: 0.87; 95% CI: 0.81, 0.94).

36 The individual risk factors were: weighted mean difference of body weight; BMI; systolic blood
pressure; fasting plasma glucose; total cholesterol; and high-sensitivity C-reactive protein.

3 The components studied were waist circumference; HDL cholesterol; triglycerides; systolic blood
pressure; diastolic blood pressure; and glucose.



TABLE 4.4
Summary of recent review studies related to dairy consumption and risk of CVD

Reference Dietary item Type of review Total CVD CHD Stroke Hypertension Ischaemic
heart disease
Alvarez-Ledn, Dairy products: “raw Narrative review of Reduced Reduced Possibly reduced

Roman-Vifas
and Serra-
Majem (2006)

and processed or 6 meta-analyses or
manufactured milk and systematic reviews on
milk-derived products” CHD

that included butter,

cheese, ice cream,

margarine, milk and

cultured milk products

(yoghurt)

7/12 cohorts found no
association

Narrative review.
Data from 12 cohorts
involving >280 000
subjects

German et al.
(2009)

“Dairy” not defined, but
appears to include milk,

butt h
utter, cheese 3 cohorts reported

positive relationships

1 cohort reported a
positive relationship
between CVD and
butter, but a negative
relationship with
cheese

121p 241 fo 1vd sv spnposd Cuvp puv yppy — p 421dv¢D)

German et al. Cheese Narrative review. 1 cohort reported a
(2009) Data from 12 cohorts negative relationship
|nv<_>Ivmg >280 000 Limited evidence
subjects o
indicates cheese most
likely to be associated
with reduced CVD risk
Gibson et al. Two cohorts used dairy Narrative review. 4 found no association
(2009) foods as a group; 2 Data from 12 cohorts

used milk intake; 3 8 mixed findings

measured calcium in

involving >280 000

subjects No consistent

dairy; 6 reported various
combinations of dairy:
butter, milk and cheese;
milk and cheese; milk
and butter; butter and
cheese; or whole milk,
skim milk, high- and
low-fat dairy

evidence that dairy
food consumption
is associated with a
higher risk of CHD

Ll



TABLE 4.4 (continued)

Reference Dietary item Type of review Total CVD CHD Stroke Hypertension Ischaemic
heart disease
Elwood et al. Milk (milk, whole milk, Meta-analysis of 15 Reduced Reduced
(2008) low-fat milk, high-fat studies (11 for heart (RR =0.79; 95% (RR = 0.83; 95%
milk); dairy products; disease, 7 for stroke) Cl: 0.75-0.82) Cl: 0.74-0.91)
dairy calcium for milk;
(RR = 0.84; 95%
Cl: 0.76-0.93)
for milk/dairy
Elwood et al. Milk Systematic review. Reduced Reduced
(2010) Meta-analysis of (RR =0.79; 95% (RR = 0.92; 95%
38 cohort studies. Cl: 0.68-0.91) Cl: 0.80-0.99)
Five case-control
retrospective studies
also described but
not included in meta-
analysis. Eleven cohorts
for milk.
Elwood et al. Butter Systematic review. 3 cohort studies
(2010) Butter: 5 cohort studies suggest a possible
(3 included for meta- reduction in vascular
analysis) and several disease risk (RR = 0.93;
case-control studies 95% Cl: 0.84-1.02),
while 2 cross-sectional
studies suggest an
increase and 1 an
increase in peripheral
arterial disease
Elwood et al. Cheese Systematic review. Using a fixed
(2010) Cheese: 6 cohort studies  effects model, and

(2 included for meta-
analysis)

weighting the studies
appropriately: overall
estimate of risk for
vascular disease
decreased (RR = 0.90;
95% Cl: 0.79-1.03)

Ralston et al.
(2011)

Low-fat dairy

Systematic review and
meta-analysis of 5
cohorts

Reduced
(RR = 0.84; 95%
Cl: 0.74-0.95)
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TABLE 4.4 (continued)

Reference Dietary item Type of review Total CVD CHD Stroke Hypertension Ischaemic
heart disease
Ralston et al. Fluid dairy foods Systematic review and Reduced
(2011) meta-analysis of 5 (RR = 0.92; 95%
cohorts Cl: 0.87-0.98)
Ralston et al. Cheese Systematic review and No association
(2011) meta-analysis
Soedamah- Milk Meta-analysis. Six Reduced (modest No Inverse
Muthu et al. prospective cohort inverse association) association association, but
(2011) studies in 4 studies (RR = 0.94; in6 not statistically
95% Cl: 0.89-0.99). studies. significant in

(RR = 1.0; 6 studies

95% Cl: (RR = 0.87; 95%

0.96-1.04) Cl: 0.72-1.05)
Soedamah- Total dairy Meta-analysis. No significant
Muthu et al. Four prospective association
(2011 cohorts (RR = 1.02; 95% CI:

0.93-1.11).

Soedamah- Total high-fat dairy Meta-analysis. Four No significant
Muthu et al. prospective cohorts association (RR = 1.04;
(2011) 95% Cl: 0.89-1.21).
Soedamah- Total low-fat dairy Meta-analysis. Three No significant
Muthu et al. products prospective cohorts association (RR = 0.93;
(2011) 95% Cl: 0.74-1.17)
Tholstrup Dairy products Narrative review No strong
(2006) evidence

that dairy

products

increase

risk of CHD
Tholstrup Regular hard cheese Narrative review Probable
(2006) beneficial

effect
Tholstrup Fermented milk Narrative review May be
(2006) beneficial

RR - relative risk; Cl — confidence interval.
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associated with higher risk of CHD. Elwood ez /. (2008) conclude that the available
data indicate a possible beneficial effect of milk and dairy consumption on risk of
CVD. A recently published meta-analysis by the same group (Elwood ez al., 2010)
reported a 13 percent (95 percent CI: 2 percent—23 percent) reduction in risk of
all-cause mortality in individuals with the highest dairy intake relative to those with
the lowest intake and 8 percent (95 percent CI: 1 percent—20 percent) and 21 percent
(95 percent CI: 9 percent—32 percent) reductions in risk of ischaemic heart disease
(IHD) and stroke. From data from a total of 259 162 participants and 4 391 CHD
cases (fatal and nonfatal) analysed in six prospective cohort, Soedamah-Muthu et
al. (2011) concluded that milk intake was not associated with risk of CHD, stroke
or total mortality. Using a subset of the data (13 518 participants and 2 283 CVD
cases in four prospective cohort studies) the authors found that milk was modestly
inversely associated with total CVD risk (RR: 0.94 per 200 ml/day; 95 percent CI:
0.89-0.99), although they caution that these findings are based on limited numbers.
Furthermore, limited studies of the association of total high-fat and total low-fat
dairy products showed no significant association with CHD risk (Soedamah-Muthu
et al., 2011). A narrative review concluded that when guiding dietary principles such
as balance, variety and moderation are stressed, there is no strong evidence that
dairy products increase the risk of CHD in healthy men of all ages or in healthy
young and middle-aged women (Tholstrup, 2006).

Several new studies have been published since these reviews. A small 16-year pro-
spective study of 1 529 adult Australians suggests that full-fat dairy may contribute
to a reduction of CVD risk (Bonthuis ez al., 2010). However, analysis of data from
the Nurses Health Study (a large prospective cohort study of more than 100 000
participants) found that high-fat dairy products were significantly associated with
elevated risk of CHD (Bernstein et al., 2010). Goldbohm et al. (2011) found that
dairy fat intake (per 10 g/day; rate ratio (mortality) = 1.04; 95 percent CI: 1.01-1.06)
is associated with slightly increased all-cause and THD mortality rates in women,
while a small prospective cohort study of 1 956 Dutch participants found that high-
fat dairy was associated with an increased risk of CVD mortality (van Aerde et al.,
2012). The authors also report that when high-fat dairy was split into “desserts” and
“non-desserts”, a statistically significant association with increased risk of CVD was
seen only with the “non-desserts” (hazard ratio [HR] per standard deviation [SD]
increase = 1.28; 95 percent CI: 1.06-1.55), suggesting that fat rather than sugar was
responsible. Total dairy intake and low-fat dairy were not found to be statistically
significantly associated with CVD mortality or all-cause mortality (van Aerde ez al.,
2012). Another recent prospective cohort (33 625 participants, 13-year follow-up)
also found that total dairy was intake was not significantly associated with risk of
CHD (HR per SD increase = 0.99; 95 percent CI: 0.94-1.05) or stroke (HR per SD
increase = 95; 95 percent CI: 0.85-1.05), nor were high-fat dairy and low-fat dairy
(Dalmeijer et al., 2012).

Two recent large prospective cohort studies have reported results with regard
to dairy consumption and stroke. Larsson, Virtamo and Wolk (2012) found that
consumption of low-fat dairy foods was inversely associated with risk of total
stroke and cerebral infarction. The relative risks reported for the highest quintile of
low-fat dairy consumption (four servings/day) compared with the lowest quintile
(zero servings/day) were 0.88 (95 percent CI: 0.80-0.97) for total stroke and 0.87
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(95 percent CI: 0.78-0.98) for cerebral infarction. Consumption of total dairy, full-
fat dairy and milk were not associated with stroke risk. In the second study, which
looked at dietary protein sources and the risk of stroke, Bernstein et al. (2012)
found that compared with one serving of red meat/day, one serving of low-fat
dairy/day was associated with an 11 percent lower risk of stroke (95 percent CI:
5 percent—17 percent), and one serving of whole-fat dairy/day with a 10 percent
lower risk (95 percent CI: 4 percent—16 percent).

4.8.4 Other dairy products and risk of cardiovascular disease

There is a paucity of studies examining individual dairy food items and CVD risk
(Elwood er al., 2010). Butter has a higher concentration of milk fat than any other
dairy product, and is cholesterolemic (Tholstrup, 2006). However, controlled stud-
ies have demonstrated that milk and butter have similar cholesterolemic effects;
the effects on other CHD risk markers have not been fully elucidated (Tholstrup,
2006). An inconsistency between results from cohort studies and case-controlled
studies with respect to butter has been highlighted by Elwood et al. (2010): a meta-
analysis of data from three cohorts suggested a possible reduction in vascular disease
risk (0.93; 95 percent CI: 0.84-1.02), although this was not statistically significant
(P = 0.33), while two case-control studies suggested an increase of vascular disease,
and one case-control study an increase in peripheral arterial disease from the con-
sumption of butter. A more recent study (Goldbohm et al., 2011) reported a slightly
increased risk of all-cause and IHD mortality for both butter and dairy fat intake
(per 10 g/day; rate ratiomortality = 1.04; 95 percent CI: 1.01-1.06) only in women. As
Elwood et al. (2010) concluded, the main message of these data is that the evidence
on butter and the other dairy items is inadequate.

Ghee, an important source of fat in the Indian diet derived from cow and buffalo
milk, is rich in SFAs and cholesterol (Nath and Ramamurthy, 1988; Rawashdeh,
2002; Mohammadifard et al., 2010). High consumption of vegetable ghee,’® clarified
butter (Indian ghee) and milk, in conjunction with a sedentary lifestyle and higher
BMI have been reported to be significant risk factors for CVD in Indians (Singh
et al., 1996). However, Indian men consuming 1 kg or more of ghee per month
have been found to have a significantly lower prevalence of CHD than those who
consumed less than 1 kg/month (Gupta and Prakash, 1997). Shankar ez al. (2002,
2005) found that consumption of ghee at the level of 10 percent of dietary energy
in a vegetarian diet had no effect on serum lipid profiles or lipoprotein profiles in
healthy young subjects.

Evidence on cheese and vascular disease is also limited (Elwood et al, 2010).
Although six cohort studies evaluating cheese and CVD risk were available, suffi-
cient data for a meta-analysis were given in only two, yielding an overall estimate of
risk from cheese of 0.90 (95 percent CI: 0.79-1.03) (Elwood et al., 2010). Tholstrup

38 Vegetable ghee is solidified vegetable oil, made to mimic anhydrous butter oil, i.e. ghee.
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(2006) concluded from reviewing three well-controlled human studies®” that cheese
does not increase plasma cholesterol. However, one older study (Appleby et al.,
1999, cited in Tholstrup, 2006) found that both meat and cheese consumption were
positively associated with total cholesterol concentration and dietary fibre intake
was inversely associated with total cholesterol concentration in both men and
women. Tholstrup (2006) recommends that a possible beneficial effect of cheese on
CHD risk factors be further investigated. The author also notes that CHD mortal-
ity is low in France, where cheese consumption is high, whereas CHD mortality
was high in the Scandinavian studies, where milk consumption is high, but that
ecological studies such as these are not easy to interpret, and the author could not
establish causality. A recent large prospective cohort study found no association
between consumption of cheese and stroke risk (Larsson, Virtamo and Wolk, 2012).

With regard to fermented milk, Tholstrup (2006) wrote that some specific
bacterial strains may have cholesterol-reducing properties, while some fermented
products (especially those produced using Lactobacillus helveticus) can decrease
hypertension. In addition, a recent study reported a statistically significant inverse
relationship between fermented milk consumption and CVD, with the highest level
of intake (238 g/day for women, 273 g/day for men) being associated with 15 per-
cent decreased incidence of CVD compared with the lowest level of intake (40 g/day
for women and 43 g/day for men) (Sonestedt et al., 2011). Goldbohm et al. (2011)
also reported that consumption of fermented full-fat milk was inversely associated
with all-cause mortality for men (RRcontinuous = 0.91; 95 percent CIL: 0.86-0.97
per 100 ml/day) and for women (RRcontinuous = 0.92; 95 percent CI: 0.85-1.00 per
100 ml/day), and nonsignificantly with stroke mortality in both men and women.
Recently, Dalmeijer et al. (2012) reported a borderline inverse association between
intake of fermented dairy products and risk of stroke (HR = 0.92; 95 percent CI:
0.83-1.01), supporting this result. However, another smaller study (van Aerde et al.,
2012) did not find fermented dairy products to be statistically significantly associ-
ated with CVD mortality or all-cause mortality.

Elwood et al. (2010) records the few available studies dealing with cream, yoghurt
and ice cream, but draws no firm conclusions. They note that a very small number
of the cohort studies provide evidence on individual dairy foods, and that there is no
convincing evidence of harm or benefit from consumption of the separate food items.

4.8.5 Summary
Interpreting the interactions between consumption of dairy products and CVD is
difficult, not least because of the limitations of the studies reviewed outlined in the

39 The first study (Tholstrup et al., 2004, cited in Tholstrup et al., 2006) compared the effects of iso-
energetic amounts of milk, cheese and butter (adjusted to the same content of lactose and casein)
on fasting and postprandial blood lipids and lipoproteins, and on postprandial glucose and insulin
response. All food items other than milk, cheese and butter were constant and identical in the three
test diets. The cheese diet contained 205 g of hard cheese, “Samsg”. The second study (Biong et al.,
2004, cited in Tholstrup, 2006) compared the effects of Jarlsberg cheese with butter on serum lipo-
proteins, haemostatic variables and homocysteine. The third study (Nestel et al., 2005, cited in Thol-
strup, 2006) compared the effects of a daily consumption of 40 g of dairy fat as butter or as matured
cheddar cheese.
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introduction to this chapter. In addition, substitution of one type of fat for another
or reducing total fat intake invariably results in a range of food substitutions such
that intake of other macro- and micronutrients is altered (Skeaff and Miller, 2009).
Furthermore, many efforts to modify dietary intake of fat have included efforts
to change one or more other elements of dietary and non-dietary behaviour, e.g.
increasing fibre intake, fruit and vegetable consumption or physical activity, or
reducing meat consumption, body weight, smoking, salt intake or alcohol con-
sumption. The multifactorial nature of the dietary interventions and accompanying
changes in dietary patterns makes it difficult to disentangle the specific effects of one
nutrient/food from other components of the diet (Skeaff and Miller, 2009). Another
limitation may be that in most within-population studies, those who drink milk are
compared with those who do not but who are still consuming a Western-type diet,
not a healthier diet such as the Mediterranean diet.

Early studies have associated high-fat, high-protein ASE, including milk and
dairy, with increased risk of CVD. However, some of these studies included dairy
only as a component of the diet, and often included other dietary interventions and
lifestyle changes. It is clear that saturated fat intake increases blood cholesterol levels
and the occurrence of CVD. The recent expert consultation on fats and fatty acids
(FAO and WHO, 2010) recommended that SFAs should be replaced with PUFAs to
decrease the risk of CHD. The panel did not find convincing evidence for significant
effects of total dietary fat on CHD (FAO and WHO 2010), but concluded that
industrial trans fatty acids increase CHD risk factors and events, and recommended
a total TFA intake of less than 1 percent of energy in the diet. Replacing SFAs with
largely refined carbohydrates has no benefit on CHD, and may even increase the
risk of CHD.

Although dairy foods contribute to SFA content of the diet, other components in
milk such as calcium and PUFAs may reduce risk factors for CHD. The majority of
meta-analyses of available prospective studies show that low-fat milk and total dairy
product consumption is generally not associated with CVD risk, and may actually
contribute to a reduction of CVD. A recent small prospective study suggests that
this may hold true for full-fat dairy too (Bonthuis et al., 2010), although other
studies have found no association between total dairy, low-fat dairy or high-fat
dairy and CHD or stroke (Dalmeijer et al, 2012) or that high-fat dairy products
were significantly associated with elevated risk of CHD (Bernstein et al., 2010) and
increased risk of CVD mortality (van Aerde er al., 2012). Furthermore, in women,
dairy fat intake has been associated with slightly increased all-cause and IHD mor-
tality rates (Goldbohm er al., 2011). With regard to dairy consumption and stroke,
two recent large prospective cohort studies have found that intake of low-fat dairy
foods was inversely associated with risk of stroke and cerebral infarction, and that
replacing a serving of red meat in the diet with a serving of low-fat or high-fat dairy
was associated with a lower risk of stroke.

Much of the available data concern milk; information on other dairy products and
CVD is scarce, although preliminary data suggest that fermented milk may have a
beneficial role in hypertension, a risk factor for CVD. In observational studies, specific
dietary patterns have been identified that are associated with decreased risk of CVD.
These include the DASH-style diet and the Mediterranean diet. Both these diets include
milk/dairy in moderate amounts, with low-fat dairy specified in the DASH-diet.
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4.9 DAIRY INTAKE AND CANCER

Genetics and environmental factors both contribute to the development of cancer
(ACS, 2005). Heredity accounts for approximately 5-10 percent of all cancers (ACS,
2005) while it is estimated that about 30 percent of cancer deaths are related to poor
nutrition and lifestyle (WHO, 2011b). Although a high intake of dietary fat has
been implicated in the development of some cancers, including colon, breast, and
prostate cancers, FAO and WHO (2010) concluded that there is no probable or
convincing evidence for significant effects of total dietary fat on cancer. Similarly,
the panel concluded that there is insufficient evidence for establishing any relation-
ship between consumption of SFAs and cancer (FAO and WHO, 2010). Of primary
concern was the possible relationship between total dietary fats and overweight and
obesity (FAO and WHO, 2010). However, WCRF and AICR (2007) states that
there is convincing evidence that obesity, weight gain and overweight short of obe-
sity increase the risk of cancers of the colorectum, oesophagus (adenocarcinoma),
endometrium, pancreas and kidney, and of postmenopausal breast cancer.

Dairy foods and calcium consumption have been hypothesized to play dif-
ferent roles depending on individual cancer sites (as discussed in the following
sections). Some components in milk and dairy products such as calcium, vitamin
D, sphingolipids, butyric acid and milk proteins may be protective against cancer
(Parodi, 1998; Parodi, 1999; Parodi, 2001; Parodi, 2003; Parodi, 2004; Garland et al.,
2006; German and Dillard, 2006; Holt ez al., 2006). Both the positive and negative
associations of milk and dairy products with various types of cancer and possible
mechanisms are discussed in the sections below. As the literature on milk/dairy
consumption and cancer is extensive, this review is limited to the findings of recent
WCRE reports (see Section 4.9.6).

4.9.1 Colorectal cancer

Colorectal (including anal) cancer is the third most common cancer in the world. An
estimated 1.24 million people worldwide were diagnosed with colorectal cancer in
2008, with almost 60 percent of cases being in the developed world. There is wide
geographical variation in incidence, much of which can be attributed to differences
in diet, particularly the consumption of red and processed meat, fibre and alcohol,
and to differences in body weight and physical activity. Incidence rates of colorectal
cancer are increasing in countries where rates were previously low as diets become
more westernized.

Several studies, including animal, in vitro, epidemiological and human clinical
studies, have investigated a possible protective role for dairy foods, and particularly
dairy food nutrients, such as calcium and vitamin D, in colon cancer. Calcium in milk
may play a protective role in colon cancer, given that intracellular calcium directly
influences cell growth and apoptosis, and bioactive constituents in milk may also play
arole in the protective effects of milk on colorectal cancer (WCRF and AICR, 2007).

4.9.2 Breast cancer

Breast cancer is the leading cause of death from cancer in females worldwide, esti-
mated to be responsible for almost 460 000 deaths in 2008. An estimated 1.38 million
women across the world were diagnosed with breast cancer in 2008, accounting for
23 percent of all cancers diagnosed in women. Determinants of breast cancer include



Chapter 4 — Milk and dairy products as part of the diet

155

age; body fatness; reproductive factors and lactation, as well as age at menarche
and menopause; childbearing; exogenous and endogenous hormone concentrations
and metabolism; history of benign breast disease; exposure to radiation; alcohol
consumption; and family history of breast cancer (Key, Verkasalo and Banks, 2001;
Brekelmans, 2003; WCRF and AICR, 2008a).

The major hypotheses for why consumption of dairy products may increase
risk of breast cancer include the following: 1) high dietary total and saturated fat
intake;*® 2) milk products may contain pesticides that may be carcinogenic; and
3) milk may contain growth factors, including IGF-1, which may promote breast
cancer cell growth (Moorman and Terry, 2004). However, some components in
dairy products, such as calcium, vitamin D, rumenic acid, butyric acid, branched
chain fatty acids and whey protein may protect against breast cancer (Moorman and
Terry, 2004; Parodi, 2005).

4.9.3 Prostate cancer

Prostate cancer is the most commonly diagnosed cancer in men living in Western
countries and the second most common cause of cancer-related death in men (ACS,
2005; Parodi, 2009). The major established risk factors are age, family history and
country/ethnicity (Cancer Research UK, 2012).

Various mechanisms have been hypothesized by which milk and/or dairy prod-
uct consumption may influence prostate cancer development. These include the fol-
lowing: 1) calcium suppresses the production of calcitriol (1,25-dihydroxyvitamin
D), thus increasing cell proliferation in the prostate; 2) consumption of milk (the
calcium in milk in particular) increases blood levels of IGF-1, which may cause cell
proliferation; 3) fat and SFA*!; 4) metabolites of branched-chain fatty acids may be
carcinogenic; and 5) presence of oestrogens which may be carcinogenic. These, and
the possible role of fat and SFAs, have been examined in detail by Parodi (2009).

4.9.4 Bladder cancer
Worldwide an estimated 150 000 people died from bladder cancer in 2008. Exog-
enous factors such as dietary and lifestyle characteristics may contribute to the

0 A number of the mechanisms have been proposed for how dietary fat influences development of
breast cancer (WCRF and AICR, 2007). For example, higher endogenous oestrogen levels after
menopause are a known cause of breast cancer, and dietary fat is relatively well established as a cause
of increased endogenous oestrogen production. An alternative mechanism by which dietary fat could
influence steroid hormone levels is that increased serum-free fatty acids could displace oestradiol
from serum albumin, thus increasing free oestradiol concentration. However, the serum concentra-
tion of sex-hormone-binding globulin is a more important determinant of the proportion of oestra-
diol that can enter the breast epithelial cells. Sex-hormone-binding globulin decreases with increasing
body mass index and insulin resistance. Energy-dense diets (among other factors) lower the age of
menarche. Early menarche is an established risk factor for breast cancer. However, FAO and WHO
(2010) concluded that there is no probable or convincing evidence for significant effects of total
dietary fat on cancer; and insufficient evidence for establishing any relationship between consump-
tion of SFAs and cancer.

*'The authors do not provide a possible mechanism. Please note that the FAO/WHO (2010) Expert
Consultation on Fats and Fatty Acids concluded that there is no probable or convincing evidence
for significant effects of total dietary fat on cancer; and insufficient evidence for establishing any
relationship between consumption of SFA and cancer.
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increased risk of malignancy (Huxley ez al, 2009), with cigarette smoking believed
to cause almost 50 percent of cases in high-income countries (WCRF and AICR,
2007). As most metabolites are excreted through the urinary bladder, food such as
milk could influence the risk of bladder cancer (Larsson et al., 2008).

4.9.5 Childhood consumption of milk and dairy products and risk of cancer
in adulthood

Recent research has focused on the “programming effects” of milk via the IGF-1
axis, as discussed in Section 4.3.5 (van der Pols et al., 2007; Martin, Holly and
Gunnell, 2011). High concentrations of IGF-1 are associated with an increased
risk of prostate, breast and colorectal cancer (Hoppe, Molgaard and Michaelsen,
2006). The Boyd Orr study found that a family diet rich in dairy products during
childhood resulted in a greater risk (with a near-tripling of the odds) of colorectal
cancer in adulthood (van der Pols et al., 2007). Milk intake was also associated with
colorectal cancer risk. However, high milk intake was weakly inversely associated
with prostate cancer risk. Childhood dairy intake was not associated with breast and
stomach cancer risk, while a positive association with lung cancer was confounded
by smoking during adulthood (van der Pols et al., 2007). Some of these finding are
in contrast to findings of adult intake by WCRF and AICR (2007) (see below).

4.9.6 Recommendations by the World Cancer Research Fund/American
Institute for Cancer Research

WCRF and AICR (2007) examined the relationship between diet and the risk of
cancer. The key aims of the report were to summarize, assess and judge the most
comprehensive body of evidence yet collected and displayed on the subject of
food, nutrition, physical activity, body composition and the risk of cancer. To keep
the evidence current and updated into the future, an ongoing review of scientific
literature is carried out under the Continuous Update Project (CUP). The CUP
provides an impartial analysis and interpretation of the data as a basis for reviewing
and, where necessary, revising WCRF/AICR’s Recommendations based on the
Second Expert Report. Table 4.5 shows the relationship between milk and dairy
product consumption and cancer, as identified by the report (WCRF and AICR,
2007, 2008a, 2008b).

WCRF and AICR (2007) concluded that milk probably protects against colo-
rectal cancer and that there is limited evidence suggesting that milk also protects
against bladder cancer. There is limited evidence that cheese is a cause of colorectal
cancer. Diets high in calcium are a probable cause of prostate cancer and there is
limited evidence suggesting that high consumption of milk and dairy products is a
cause of prostate cancer. These conclusions were supported by WCRF and AICR
(2008a, 2008b). However, WCRF and AICR (2008a, 2008b) were not able to reach
a conclusion regarding the relationship between milk and dairy products and breast
cancer due to insufficient data. Although the reports emphasized that the overall
recommendation is not for diets containing no meat or foods of animal origin, they
note that most diets that are protective against cancer are mainly made up from
foods of plant origin.

Several review studies on the role of milk and dairy and risk of cancer have been
published recently (Lampe, 2011; Li et al., 2011; Mao et al., 2011; Aune et al., 2012).
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TABLE 4.5

Relationship between milk and dairy product consumption and cancer

Cancer Predictor :;gi:? of Ezgelfggreer:aetilt‘),(e risk and Comments
Milk 4 cohorts 0.94 (95% Cl 0.85-1.03) Milk probably protects
per serving/day, with low against colorectal cancer
heterogeneity
There is limited evidence
Milk 10 cohorts 0.78 (95% Cl: 0.69-0.88) for suggesting that cheese is a
the highest intake group when  cause of colorectal cancer
compared to the lowest
Epidemiological evidence for
Cheese 3 cohorts 1.14 (95% Cl: 0.82-1.58) cheese intake is consistently
per serving/day, with low in contrast to the probable
heterogeneity protective effect from milk
Colorectal
Cheese 2 cohorts 1.11 (95% Cl: 0.88-1.39) per 50 No SPEC'ﬂF meghanlsm
g/day, low heterogeneity has been identified but
cheese could plausibly cause
Calcium 10 cohorts 0.98 (95% CI: 0.95-1.00) colorectal cancer through
per 200 mg/day, with low the indirect mechanisms
heterogeneity connected to saturated fats
Calcium 8 cohorts 0.95 (95% Cl: 0.92-0.98)
per 200 mg/day, with no
heterogeneity
Breast Milk & dairy Limited evidence, no
conclusions
Milk 8 cohorts 1.05 (95% Cl: 0.98-1.14) There is limited evidence
per serving/day, with low suggesting that milk and
heterogeneity dairy products are a cause of
prostate cancer
Milk 6 case-control 1.08 (95% Cl: 0.98-1.19) per
serving/day, with moderate Diets high in calcium are a
Heterogeneity probable cause of prostate
cancer
Milk & dairy 8 cohorts 1.06 (95% CI: 1.01-1.11) per
products serving/day, with moderate Milk could plausibly cause
heterogeneity prostate cancer through
Prostate the actions of calcium.
Milk & dairy 5 case-control  1.03 (95% Cl: 0.99-1.07) Also, consumption of milk
products per serving/day, with low increases _b|°0d levels of
heterogeneity IGF-1, which has been
associated with increased
Calcium 8 cohorts 1.27 (95% Cl: 1.09-1.48) prostate cancer risk in some
per g/day, with moderate studies
heterogeneity
Calcium 3 case-control 1.16 (95% ClI: 0.64-2.14) per
gram of calcium/day, with high
heterogeneity
Milk 4 cohorts 0.82 (95% Cl 0.67-0.99) per There is limited evidence
serving/day, with moderate suggesting that milk protects
heterogeneity against bladder cancer
Bladder
Milk 3 case-control 1.00 (95% Cl: 0.87-1.14)

per serving/day, with high
heterogeneity

Cl - confidence interval.

Sources: WCRF and AICR (2007, 2008a, 2008b).
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The conclusions of Lampe (2011), that “meta-analyses of cohort data available to
date support an inverse association between milk intake and risk of colorectal and
bladder cancer and a positive association between diets high in calcium and risk
of prostate cancer”, and of Aune et al. (2012), “that milk and total dairy products,
but not cheese or other [individual] dairy products, are associated with a reduction
in colorectal cancer risk”, were consistent with those of WCRF and AICR (2007,
2008a, 2008b). With regard to bladder cancer, while Mao et al. (2011) concluded that
milk may be related to the reduction of bladder cancer risk, Li et al. (2011) reported
that their findings were not supportive of an independent relationship between the
intake of milk or dairy products and the risk of bladder cancer. Both Mao ez al.
(2011) and Li et al. (2011) observed differences between geographical areas, which
may reflect the different compositions of dairy products consumed in different
parts of the world or ethnic differences; this warrants further research. Other areas
where further research is needed include the effect of specific dairy products and
constituents of dairy products such as rumen-derived metabolites and live microbes
present in some dairy products on cancer risk.

4.10 MILK HYPERSENSITIVITY

Hypersensitivity to milk may be attributed to either lactose or protein in milk
(Figure 4.2). Sensitivity to cow-milk protein causes varying degrees of injury to the
intestinal mucosal surface (Heyman, 2006). In contrast, ingestion of dairy products
resulting in symptoms of lactose intolerance generally leads to transient symptoms
without causing harm to the gastrointestinal tract (Heyman, 2006).

FIGURE 4.2
Milk hypersensitivity: difference between milk allergy and intolerance
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4.10.1 Lactose intolerance and malabsorption

Lactose is the principal carbohydrate in milk. Cow, goat and buffalo milk contain
less lactose than human milk. Lactose is a disaccharide composed of the two simple
sugars, glucose and galactose. An enzyme, lactase (a B-galactosidase), is required
to hydrolyse lactose into the simpler sugars in order for humans to digest and
then absorb the sugars. In adults with lactase deficiency (also called lactase non-
persistance, LNP), lactose is not digested in the upper bowel and reaches the lower
bowel, where it is fermented by gut micro-organisms, which produces hydrogen,
carbon dioxide and methane gas. Undigested lactose also draws water into the
intestinal lumen through its osmotic effect, which increases motility and can cause
diarrhoea. Symptoms include abdominal pain, bloating and flatulence. Thus, low
lactase levels cause lactose malabsorption (or lactose maldigestion). When lactose
malabsorption gives rise to symptoms, this is called “lactose intolerance”, i.e. lactose
malabsorption is the physiologic problem that manifests as lactose intolerance. The
definitions used by the American Academy of Pediatrics Committee on Nutri-
tion (Heyman, 2006) are given in Box 4.1. Lactose maldigestion does not lead to
symptoms of lactose intolerance in all LNP subjects, and a small percentage of LNP
subjects remain free of symptoms even after ingestion of large amounts of lactose
(Scrimshaw and Murray, 1988). Although rarely life-threatening, the symptoms of
lactose intolerance can lead to significant discomfort and disrupted quality of life
(Heyman, 2006).

Lactase deficiency in adults is a normal developmental phenomenon character-
ized by the down-regulation of lactase activity, which occurs soon after weaning in
most ethnic groups (EFSA, 2010). Lactose maldigestion increases with age during
adulthood (Goulding er al., 1999). The lactase persistence trait is more common in
populations that practice cattle herding and dairying (Swallow, 2003), and is related
to genetic selection of individuals with the ability to digest lactose (Heyman, 2006).
Children of some ethnic groups commonly lose lactase at one to two years of age
(e.g. Thai children) while in others lactase persists until later in life (10-20 years
of age) (e.g. Finnish children) (Sahi, 1994; Wang et al., 1998). According to some
estimates, approximately 70 percent of the world’s population has primary lactase
deficiency (Heyman, 2006). The frequency of lactose maldigestion varies widely
among populations but is high in nearly all but those of Northern European origin
(Table 4.6) (Scrimshaw and Murray, 1988; Heyman, 2006). Lactase deficiency in
Europe has been reported to vary between 4 percent (in Denmark and Ireland) and
56 percent (in Italy) (Ingram et al., 2009a, cited in EFSA, 2010). In South America,
Africa and Asia, over 50 percent of the population are reported to have lactase
nonpersistence, and in some Asian countries this rate is almost 100 percent (Lomer,
Parkes and Sanderson, 2008). However, because definitions vary from study to
study and subjects are not generally representative of the whole population, the
exact incidence is unknown. The symptoms attributed to lactose intolerance are also
common in the absence of lactose ingestion as they can sometimes be attributed to
other components of the diet, and are highly susceptible to a placebo effect (Shaukat
et al., 2010, cited in EFSA, 2010).

In individuals who are diagnosed with lactose intolerance, avoidance of foods
that contain lactose, such as milk, will relieve symptoms. However, most individuals
can tolerate some dairy products and can progressively increase tolerance because
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BOX 4.1
Definitions of types of lactose intolerance

Lactose intolerance is a clinical syndrome of one or more of the following:
abdominal pain, diarrhoea, nausea, flatulence, and/or bloating after the inges-
tion of lactose or lactose-containing food substances. The amount of lactose
that will cause symptoms varies from individual to individual, depending on the
amount of lactose consumed, the degree of lactase deficiency and the form of
food substance in which the lactose is ingested.

Lactose malabsorption is the physiologic condition that manifests as lactose
intolerance and is attributable to an imbalance between the amount of ingested
lactose and the capacity for lactase to hydrolyse the disaccharide.

Primary lactase deficiency is attributable to relative or absolute absence of
lactase that develops in childhood at various ages in different racial groups and
is the most common cause of lactose malabsorption and lactose intolerance.
Primary lactase deficiency is also referred to as adult-type hypolactasia, lactase
nonpersistence or hereditary lactase deficiency.

Secondary lactase deficiency is lactase deficiency that results from small bowel
injury, such as acute gastro-enteritis, persistent diarrhoea, small bowel over-
growth, cancer chemotherapy or other causes of injury to the mucosa of the
small intestine and can present at any age but is more common in infancy.
Congenital lactase deficiency is extremely rare. Affected newborn infants pre-
sent with intractable diarrhoea as soon as human milk or lactose-containing for-
mula is introduced. Unless this is recognized and treated quickly, the condition
is life-threatening because of dehydration and electrolyte losses. Teleologically,
infants with congenital lactase deficiency would not have been expected to sur-
vive before the twentieth century, when no readily accessible and nutritionally
adequate lactose-free human-milk substitute was available.

Developmental lactase deficiency is now defined as the relative lactase defi-
ciency observed among preterm infants of less than 34 weeks' gestation.

Source: Heyman, 2006.

TABLE 4.6
Prevalence of acquired primary lactase deficiency
Examples of groups among whom lactase Examples of groups among whom lactase
deficiency predominates persistence predominates
(60%-100% lactase deficient) (2%-30% lactase deficient)
Near East and Mediterranean: Arabs, Ashkenazi Northern Europeans

Jews, Greek Cypriots, southern Italians

Asia: Thais, Indonesians, Chinese, Koreans

Africa: Hima, Tussi, nomadic Fulani

India: individuals from Punjab and New Delhi

Africa: south Nigerians, Hausa, Bantu

North and South America: black Americans,
Latinas, Eskimos, native Canadians and Americans,
Chami-speaking native Colombians

Source: Adapted from Heyman, 2006.
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colonic bacteria can adapt to utilize the hydrogen gas produced in fermentation
(Hertzler and Savaiano, 1996). It has been suggested that unhydrolysed lactose
behaves as a prebiotic (defined as a non-digestible food ingredient that has a benefi-
cial effect through its selective metabolism in the intestinal tract), which causes the
adaptation of the colonic microflora (Lomer, Parkes and Sanderson, 2008).

Fermented milk products such as yoghurt (plain yoghurt more so than flavoured)
have been shown to be tolerated by lactose-intolerant individuals (Heyman, 2006;
Lomer, Parkes and Sanderson, 2008). The bacteria in the yoghurt partially digest
the lactose into glucose and galactose (and the glucose to lactic acid); in addition,
yoghurt’s semisolid state slows gastric emptying and gastrointestinal transit, result-
ing in fewer symptoms of lactose intolerance (see Heyman, 2006). Aged cheeses
tend to have lower lactose content than other cheeses and, thus, may also be better
tolerated. Predigested milk or dairy products with lactase are available in some
countries and will often permit a lactose-intolerant individual to be able to take
some or all milk products freely (Heyman, 2006).

The EFSA Panel on Dietetic Products, Nutrition, and Allergies concluded that
it is not possible to determine a single threshold of lactose for all lactose-intolerant
subjects because of the great variation in individual tolerance. Although symptoms
of lactose intolerance have been described after intake of less than 6 g of lactose in
some subjects, the Panel concluded that the vast majority of subjects with lactose
maldigestion will tolerate up to 12 g of lactose as a single dose (particularly if taken
with food) with minor or no symptoms. Higher daily doses of up to 24 g may be
tolerated if distributed throughout the day (EFSA, 2010). The EFSA panel also stat-
ed that the available evidence was insufficient to draw any conclusions with respect
to calcium absorption in dairy products in which lactose has been hydrolysed (i.e.
where technological processes have been applied to remove lactose from products),
but that no negative nutritional consequences can be expected if they only differed
from conventional dairy products in lactose content (EFSA, 2010).

4.10.2 Milk-protein allergies

Cow-milk allergy (CMA) is one of the most common food allergies in childhood
(Monaci et al, 2006). Incidence of allergy to cow-milk protein falls between
2 percent and 6 percent worldwide (Hill and Hosking, 1997; Hosking, Heine and
Hill, 2000; Fiocchi et al., 2010). The perception of milk allergy is reported to be far
more frequent than confirmed CMA (Fiocchi ez al., 2010). Allergy to cow-milk
protein primarily occurs in infancy and childhood and is often outgrown by age
five, although 15-20 percent of allergic children become permanently allergic with
increased levels of immunoglobulin E (IgE) and, more especially, cow-milk-specific
IgE (Monaci et al., 2006). CMA is often the first food allergy to develop in a young
infant and often precedes the development of allergies to other foods such as eggs
and peanuts (Fiocchi ez al., 2010).

CMA is an IgE-mediated reaction to cow milk and may induce cutaneous (atopic
dermatitis, urticaria, angioedema), respiratory (rhinitis, asthma, cough) and gastro-
intestinal (vomiting, diarrhoea, colic, gastro-oesophageal reflux) reactions, and in
some extreme cases even systemic anaphylaxis. Although an allergic reaction can
develop to any of the many milk proteins, B-lactoglobulin, a whey protein not pre-
sent in human breast milk, and casein have been implicated most often in cow-milk
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allergies. Casein content of cow milk is approximately double that of human milk.
In addition, the predominant type of casein differs between cow milk and human
milk: human milk has a higher content of B-casein, which is more sensitive to peptic
hydrolysis than as-casein, particularly asi-casein, which predominates in cow milk.

Milk allergens are known to preserve their biologic activity even after boiling,
pasteurization, ultra-high-temperature processing and evaporation for the produc-
tion of powdered infant formula (Fiocchi ez al., 2010). Prevention of CMA largely
relies on avoidance of all food products containing cow-milk proteins. Milk from
some other species may also need to be avoided: milk allergens of various mam-
malian species cross-react, with high sequence homology among cow-, sheep- and
goat-milk proteins (Fiocchi et al, 2010). The recent guidelines issued by the World
Allergy Organization state that goat, sheep, and buffalo milk should not be used as
a substitute for children with cow-milk allergy as they can expose patients to severe
reactions (Fiocchi et al., 2010). Camel milk can be considered a valid substitute
for children more than two years old. Mare and donkey milks can be considered
as valid cow-milk substitutes, in particular (but not exclusively) for children with
delayed-onset CMA.

4.11 CURRENT NATIONAL RECOMMENDATIONS
FOR MILK AND DAIRY CONSUMPTION

Milk and dairy product recommendations for 42 countries are shown in Table 4.7.
As national food-based dietary guidelines are designed to reflect factors such as local
food availability, cost, nutritional status, consumption patterns and food habits,
recommendations vary widely. Twenty-six countries recommend the consumption
of low-fat or non-fat milk. Specified fat content varies from 0.1-1.5 percent fat in the
Bulgarian guidelines to 1.5-2.5 percent in New Zealand, with most stringent specifi-
cations in Denmark (maximum 0.7 percent fat). Some countries, such as Argentina,
Australia, New Zealand, Philippines and the United Kingdom exclude children from
low-fat recommendations, although the age up to which high-fat dairy is recom-
mended for children varies: 2 years in Australia and the United Kingdom, 5 years in
New Zealand and 12 years in Philippines. According to WHO (2004), semi-skimmed
milk may be acceptable for feeding non-breastfed children more than 12 months old.
However, skimmed milk is not recommended as a major food source during the first
two years of life because it does not contain essential fatty acids, lacks fat-soluble
vitamins and has a high potential renal solute load in relation to energy. A few coun-
tries (Bulgaria, France, Norway and Turkey) mention choosing salt-reduced dairy
products when possible, while avoiding sugar-added products is mentioned in the
guidelines from Cuba, Ireland, Malaysia, Norway and the United States.

Some countries, including Chile, France, Norway, Oman and the United King-
dom, either specifically mention that cow milk should not be given to infants below
one year of age or that recommendations apply to children of more than one year
of age, while other countries recommend exclusive breastfeeding up to six months
of age (Cuba, Dominican Republic, El Salvador, France, India and Nepal). Some
give specific recommendations for various vulnerable groups such as pregnant and
breastfeeding women or the elderly.

Most countries recommend at least one serving of milk daily, with some countries
recommending up to three servings per day. Notable exceptions include El Salvador
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(at least three times a week) and Guatemala (at least twice a week). Although serving
sizes vary, most recommendations are for about 500 ml of milk per day. Exceptions
(excluding those for pregnant/lactating women) are Canada (adolescents 14-18
years old are recommended to consume three to four servings (750-1 000 ml)/day;
Spain (adult women: three to four portions of milk of portion size 200-250 ml);
Ireland (adolescents: at least five servings [945 ml; serving size 1/3 of a pint]) and
South Africa (children 7-13 years: 500-750 ml milk) per day. Countries that recom-
mend very small daily amounts are: Oman (0.3 cup for children of one to five years
old and 0.5 cup for all other age groups apart from males 14-18 years [1 cup]); the
Netherlands (children one to three years old: 300 ml); Cuba (children of 7-17 years
old and adults of 18-60 years old: one cup of milk); Philippines (240 ml for most
groups); and China (300 g as a general recommendation). Many countries include
other dairy foods such as cheese, yoghurt, custard, ice cream, evaporated milk, pow-
dered milk and fermented milk in their recommendations, although portion sizes
for these are not always specified. The United States excludes cream, sour cream and
cream cheese from its recommendations because of the low calcium content in these
foods. France excludes ice cream and milk-based desserts with added sugar, and the
United Kingdom excludes butter and cream.

4,12 CONCLUSION

In this chapter we examine scientific evidence related to the health benefits and
risks of milk and dairy consumption. It is not feasible to complete a comprehensive
health outcome assessment, however, the main points are discussed within the
chapter and a summary of the findings are presented in Table 4.8.

Much has been written on the impact of milk consumption on health, yet more
research is needed, particularly on individual dairy food items. Milk and dairy pro-
vide key nutrients essential for growth and development and milk consumption is
associated with a reduced risk of NCDs such as osteoporosis and possibly colorec-
tal cancer and T2DM. However, concern has been, and continues to be, expressed
about the association between high dairy consumption and other NCDs, such as
CVD and prostate cancer. Gaps exist in the research literature and randomized
control intervention studies, although expensive, may be needed to examine the
long-term impact of dairy on health. Based on current information, milk and dairy
products can represent an important part of a healthy diet, as long as consumption
levels are not excessive; however any diet that exceeds the daily energy requirements
over a sustained period can lead to potentially significant health risks.
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ANNEX

TABLE 4.7
Milk and dairy product recommendations from 42 countries
Region Age/population group Daily Translation of Reference/responsible Comments
and recommendations  recommendations, entity
country of milk and dairy weight of portions/
products servings and
household measures
Australia
Children and 4-7 years 2 servings 1 serving is: Dietary guidelines Reduced-fat milks are not suitable for
adolescents Milk: 250 ml for Australians, 2003. young children under 2 years of age
8-11 years 2 servings or 1 'cu Australian Government, because of their high energy needs, but
p Health and Ageing low- or reduced-fat varieties (1 or 2% fat)
12-18 years 3 servings Evaporated milk: Department and should be encouraged for older children
40 g or 0.5 cup National Health and and adolescents instead of full-cream
Adults 19-60 years 2 servings ) . Medical Research Council ~ milk (4% fat).
Cheese: 2 slices
. The term milks, yoghurts and cheeses, as
60+ years 2 servings Custard: 250 m| used in this guideline, generally refers
] or 1cup to cow milk and the yoghurt and cheese
o Pregnant and 2 servings Yoghurt: 200 g produced from it but can also include
o} breastfeeding women or 1 small carton milks, yoghurts and cheeses from goat
JZ> and sheep milks.
>
New Zealand
Children 2-12 years 500 ml or 1 serving is: Food and nutrition Choose reduced-fat milk (1.5-2.5% fat).
2-3 servings itk | guidelines for different Non-fat milk is not recommended for
Milk: 250 m age groups, 2008-2010. children under 5 years of age.
Yoghurt: 150 g Ministry of Health
Adolescents 3 servings or 1 unit
Adults At least 2 servings Cheess_s. 404 Choose reduced- or low-fat options.
or 2 slices

Pregnant and
breastfeeding women

At least 3 servings

Ice cream: 140 g
or 2 scoops

v

121p 241 fo 1vd sv spnposd Cuvp puv yppy — p 421dv¢D)

€8l



TABLE 4.7 (continued)

Region Age/population group Daily Translation of Reference/responsible Comments
and recommendations  recommendations, entity
country of milk and dairy weight of portions/
products servings and
household measures
USA
2-3 years 2 cups 1 cup is: Dietary guidelines Choose fat-free or low-fat (1%) milk and
Milk or voghurt for Americans, 2010. dairy products (including Iactose-f.rge and
4-8 years 2.5 cups fat—free);rglow—%at' US Department of lactose-reduced products and fortified
1 cup milk ’ Agriculture and US soy beverages, yoghurts, frozen yoghurts,
9-18 years 3 cups P Department of Health dairy desserts and cheeses). Cream, sour
Fortified soy beverage, and Human Services cream and cream cheese are not included
or yoghurt: 1 cup in these recommendations due to their
low calcium content.
1.5 oz. natural cheese
(e.g. cheddar)
2 oz. of
processed cheese
= (e.g. American)
(o]
=
7 Canada
>
< Children 2-3 years 2 food guide 1 food guide Eating well with Choose skimmed (1 or 2% fat) milk or
E servings serving is: Canada’s food guide, lower-fat milk alternatives.
Q 8 venrs 5 food auide Milk or powdered milk 2007. Health Canada
y 099 (reconstituted): 250 ml
servings
or 1 cup
9-13 years 3-4 food guide Canned milk
servings (evaporated):

125 ml or 0.5 cup

Adolescents 14-18 years Eg:t,if:osd guide Yoghurt: 175 g
9 or 0.75 cup
Adults 19-50 years 2 food guide Kephir: 175 g
servings or 0.75 cup
. Cheese: 50 g
51+ years 3 fo_od guide or05 oz.
servings
v
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TABLE 4.7 (continued)

Region Age/population group Daily Translation of Reference/responsible Comments
and recommendations  recommendations, entity
country of milk and dairy weight of portions/
products servings and
household measures
Austria
General recommendation 3 portions/ 1 portion/serving is: The Austrian food Choose low-fat milk and dairy products.
servings of . pyramid, 2010. Austrian
milk and dairy Milk: 200 ml Federal Ministry of
products Yoghurt: 180-250 g Health
Curd: 200 g
Cottage cheese: 200 g
Cheese: 50-60 g
Belgium
6+ years Milk, dairy 1 glass milk (150 ml) is:  Dietary and exercise Choose low-fat and skimmed milk and
(450 ml or Butt ilk: 150 ml guidelines for Belgians, cheese with a fat content less than 30%.
3-4 small glasses) u1 erlml : m 2009. Flemish Institute
and cheese or 1 glass for Health Promotion
(1-2 slices or Yoghurt: 150 ml
20-40 g) or 1 glass

3doyn3

1 serving of milk with
breakfast cereal
or muesli

Ayran: 150 ml
or 1 glass

Cheese, 20% fat:
1 slice

Cheese, 15% fat
or light cheese: 1 slice

Cheese as a snack:
2 cubes

Cottage cheese as a
snack: a jar or a cup

Pudding, custard
and porridge: 1 cup

Milkshake: 150 ml

v

121p 241 fo 1vd sv spnposd Cuvp puv yppy — p 421dv¢D)

S8l



TABLE 4.7 (continued)
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Region Age/population group Daily Translation of Reference/responsible Comments
and recommendations  recommendations, entity
country of milk and dairy weight of portions/
products servings and
household measures
Bulgaria

General recommendation

Milk and

dairy products
(yoghurt, cheese,
curds, cream

and milk-based
products, etc.):
yoghurt or milk
(200 ml or 1 glass)
and cheese (50 g)

Food-based dietary
guidelines for adults in
Bulgaria, 2006. Ministry
of Health, National
Centre of Public Health
Protection

Chose milk and dairy products with
low or reduced fat (0.1-1.5% fat) and
salt content. Consume yoghurt more
frequently.

3doyn3

Denmark
General recommendation 500 ml of milk The diet compass: Choose skimmed-milk, buttermilk or
the road to a healthy yoghurt with maximum 0.7% of fat.
SZ?ZZ?ﬁ;ei,(ggézr.yDanish Recommend_ations_a_re made on the ba_sis
. of the Nordic Nutrition Recommendations
Ministry of Food, 2004 d by a Nordi t
Agriculture and Fisheries prepared by a Nordic expert group.
Finland
General recommendation 500 ml of milk, National Nutrition Choose fat-free or low-fat (1% fat) milk

sour/butter milk
or liquid yoghurt

Council, 2005. Ministry
of Agriculture and
Forestry

and dairy products. Choose low-fat
cheese options.

UMY UPUUNY UL SIINPOL] L1vp puv Yjipy



TABLE 4.7 (continued)

Region Age/population group Daily Translation of Reference/responsible Comments
and recommendations  recommendations, entity
country of milk and dairy weight of portions/
products servings and
household measures
France
0-6 months Exclusive Nutrition guides for
breastfeeding different population
during the first groups, 2002-2007.
6 months French agency for food,
environmental and
6-12 months Milk (= 500 ml occupational health &
[from the mother safety (anses [former
or an infant afssa]), and Ministry of
formulae]); they Labour, Employment and
can also can be Health
given yoghurt
and cheese
1-3 years Milk (< 800 ml)
m
S 3-11 years 3-4 dairy products Choose semi-skimmed milk. Ice creams
@] (depending on and desserts with a milk base that have
m the size and added sugar are not included in these

calcium content).
Dairy products
include: cow
milk or milk
from other
animals and their
dairy products;
yoghurts,
fermented milk,
soft or hard
cheese

Adolescents

3-4 dairy products
(depending on
the size and
calcium content)

recommendations.

Choose high-calcium, low-fat and low-salt
yoghurt and cheese. Choose a variety of
products.
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TABLE 4.7 (continued)
Region Age/population group

and
country

France (continued)

Daily
recommendations
of milk and dairy
products

Translation of Reference/responsible
recommendations, entity

weight of portions/

servings and

household measures

Comments

55+ years

3-4 dairy products

Choose high-calcium, low-fat and
low-salt yoghurt and cheese, such
as milk, yoghurt, fresh cheese etc.
Choose a variety of products.

Pregnant women

3-4 dairy products

1 dairy product is:
Milk: 150 ml or 1 glass
Yoghurt: 125 g

Choose high-calcium, low-fat and
low-salt cheeses. Eat only cheese spread
and pressed cheeses (such as Emmental,

Gruyere, Parmesan) and remove the crust.

or 1 unit
Cheese, Emmental-
type: 20 g
m General recommendation 3 milk or dairy Choose high-calcium, low-fat and
S (3+ years) products low-salt cheeses. Limit fatty and sugary
e dairy-desserts.
m
Germany
General recommendation Consume milk 10 guidelines of the
and dairy German Nutrition Society
products daily (DGE) for a wholesome
diet German Nutrition
Society
Greece
General recommendation 2 servings of Dietary guidelines for
milk, cheese adults in Greece, 1999.
or traditional Supreme Scientific
yoghurt Health Council, Ministry
of Health and Welfare
v

88l
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TABLE 4.7 (continued)

Region Age/population group Daily Translation of Reference/responsible Comments
and recommendations  recommendations, entity
country of milk and dairy weight of portions/
products servings and
household measures
Hungary
General recommendation 3-4 units of 1 unit is: Dietary guidelines to Choose low-fat dairy products (1.5 grams
milk and dairy Milk. milk drink the adult population or less/100 grams) with as little added
products 11K, mific drink, in Hungary, 2001. sugar as possible.
yoghurt, kephir, -
Special Board of Internal . .
fermented (curdled) Medici s Recommendations are made on the basis
K edicine, Ministry of ) e ’
milk: 200 ml or 1 glass of the Nordic Nutrition Recommendations
Health of Hungary 2004 prepared by a Nordic expert grou
Low-fat cottage prep y pert group.
cheese: 50 g
Cheese: 30 g
Processed cheese:
2 pieces (cubes/
e wedges)
c
B
O  Iceland
o
m
General recommendation 2 servings of milk Dietary guidelines for
or dairy products Iceland, 2005. Public
a day (e.g. Health Institute of
2 glasses of milk) Iceland
Ireland
General recommendation 3 servings 1 serving is: The food pyramid, Choose low-fat choices frequently.

Adolescents

At least 5 servings

Pregnant and
breastfeeding women

At least 5 servings

Milk: %5 of a pint
Yoghurt: 1 carton

Cheddar cheese, Edam
or Blarney: 1 oz.

2005. Irish Nutrition and
Dietetic Institute

Low-fat milk is not suitable for
young children.

v

121p 241 fo 1vd sv spnposd Cuvp puv yppy — p 421dv¢D)

68l



TABLE 4.7 (continued)

Region Age/population group Daily Translation of Reference/responsible Comments
and recommendations  recommendations, entity
country of milk and dairy weight of portions/
products servings and
household measures
Italy
General recommendation Milk: 125 g Italian guidelines for Choose low-fat or skimmed milk.
or 1 cup healthy eating, 2003.
National Institute for
Y°9hurt'”125 g Research on Food and
or a small portion Nutrition, Ministry of
Fresh cheese: Agricultural, Food and
100 g ora Forestry Policies
medium portion
Aged cheese:
50gora
medium portion
i The Netherlands
P
9 1-3 years Milk and dairy Food choice guidelines,
m products: 300 ml 2011. The Netherlands
Cheese: 10 g Nutrition Centre
or 0.5 slice
4-8 years Milk and dairy
products: 400 ml
Cheese: 10 g
or 0.5 slice
9-13 years Milk and dairy
products: 600 ml
Cheese: 20 g
or 1 slice

06l
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TABLE 4.7 (continued)

Region

and

country

3doyn3

Age/population group

The Netherlands (continued)

Daily
recommendations
of milk and dairy
products

Translation of Reference/responsible
recommendations, entity

weight of portions/

servings and

household measures

Comments

14-18 years

Milk and dairy
products: 600 ml

Cheese: 20 g
or 1 slice

19-50 years

Milk and dairy
products: 450 ml

Cheese: 30 g
or 1.5 slice

51-70 years

Milk and dairy
products:
500-550 ml

Cheese: 30 g
or 1.5 slice

70+ years

Milk and dairy
products: 650 ml

Cheese: 20 g
or 1 slice

Norway

General recommendation

500 ml of milk

Norwegian dietary
guidelines, 2005.
Norwegian Directorate
of Health

Choose dairy products with low fat, low
salt and little sugar added.

Recommendations are made on the basis
of the Nordic Nutrition Recommendations
2004 prepared by a Nordic expert group.
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TABLE 4.7 (continued)

Region Age/population group Daily Translation of Reference/responsible Comments
and recommendations  recommendations, entity
country of milk and dairy weight of portions/
products servings and
household measures
Poland
General recommendation At least 2 large Poland'’s FBDG status, Milk could be substituted for yoghurt and
glasses of low-fat communication and kephir and partly for cheeses.
milk evaluation, 2009.
National Food and
Nutrition Institute
Portugal
General recommendation 2-3 portions 1 portion is: A new food guide
. for the Portuguese
Milk: 250 ml or 1 cup population, 2003.
Liquid yoghurt: Faculty of Nutrition
200 g or 1 unit and Food Sciences,
m . University of Porto;
c Solid yoghurt: . Consumer Institute,
z 200 g or 1.5 units Council of Ministers'
o Aged cheese: Presidency; and Saude
40 g or 2 slices XXI, Operational Health
Programme
Fresh cheese:
50 g or 0.25 unit)
Cottage cheese:
100 g or 0.5 unit
Spain
Children 500-1 000 ml Guide for healthy eating,
milk and dairy 2004. Spanish Society for
products (cheese, Community Nutrition
yoghurt, milk- (SENC) and Ministry of

based desserts,
etc.)

Health

6l
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TABLE 4.7 (continued)
Region Age/population group

and
country

Spain (continued)

Daily
recommendations
of milk and dairy
products

Translation of Reference/responsible
recommendations, entity

weight of portions/

servings and

household measures

Comments

General recommendation 2-4 portions 1 portion is: Prefer low-fat milk and dairy products.
Elderly 3 portions Milk: 200-250 ml
or 1 cup
Women Adult 3-4 portions Yoghurt: 200-250 g or
2-3 units/small cartons
Pregnant 2-3 portions Aged cheese: 40-60 g
Breast 3 portions or 2-3 slices
feeding Fresh cheese: 85-125 g
or 1 individual portion
Sweden
Healthy adults 500 ml of milk 100 ml of milk are Swedish National Food Choose low-fat cheese (17% fat or less)

3doyn3

or 300-400 ml of
milk or yoghurt
and two slices of
cheese

Breastfeeding women

500 ml of
skimmed milk,
natural skimmed
sour milk or
natural low-fat
yoghurt

Pregnant women

500 ml of
skimmed milk,
natural skimmed
sour milk or
natural low-fat
yoghurt

equivalent to 10-15g Administration, 2005

of cheese

and dairy products. Cheese consumption
should not be greater than 20 g/day.
Recommendations are made on the basis
of the Nordic Nutrition Recommendations
2004 prepared by a Nordic expert group.

Avoid cheese made from unpasteurized
milk. Also avoid mould-ripened or
washed-rind cheese even if it is made

of pasteurized milk, for example brie,
gorgonzola, chévre, vacherol and
taleggio. Cheese used in cooking that has
been heated until it is bubbling is quite
safe to eat.
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TABLE 4.7 (continued)

Region Age/population group Daily Translation of Reference/responsible Comments
and recommendations  recommendations, entity
country of milk and dairy weight of portions/
products servings and
household measures
Switzerland
General recommendation 3 portions 1 portion is: Recommendations for
L. healthy, tasty eating
Elderly 3-4 portions Milk: 200 ml and drinking for adults,
Yoghurt: 150-180 g 2005. Swiss Society for
Nutrition
Fresh/cottage cheese:
200 g
m Cheese: 30-60 g
c
3 Turk
Q urkey
m
Adults 2 servings or at 1 serving is: Dietary guidelines Choose non-fat or low-fat milk and dairy
least 500 g . . for Turkey, 2004. The products. Choose yoghurt (ayran) and
gﬂ(;(l)krsrd yoghurt: General Directorate of cheese with low salt.
Children, adolescents, 3-4 servings Primary Health Care of

pregnant women and women
after menopause

Cheese: 2 matchboxes
size

the Ministry of Health of
Turkey, Department of
Nutrition and Dietetics
of the Hacettepe
University

6l
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TABLE 4.7 (continued)

Translation of

recommendations,

weight of portions/

servings and
household measures

Reference/responsible
entity

Comments

Region Age/population group Daily
and recommendations
country of milk and dairy
products
United Kingdom
General recommendation Eat some milk

3doyn3

and dairy foods
every day: milk,
cheese, yoghurt,
fromage frais,
cottage cheese,
cream cheese,
quark

The eat well plate, 2011.
Department of Health

in association with

the Welsh Assembly
Government, the Scottish
Government and the
Food Standards Agency
in Northern Ireland

Choose lower-fat options when you
can or have just a small amount of the
high-fat varieties less often. Butter and
cream are not included in this group.

Pregnant women

Pregnant women should drink only
pasteurized milk. They should not drink
unpasteurized goat or sheep milk, or eat
foods that are made with them, such

as soft goat cheese. They should avoid
soft blue cheeses and soft cheeses such
as brie and camembert and others with
a similar rind, whether pasteurized or
unpasteurized.

Infants

Cow milk should not be given as a drink
until a baby is a year old. Children should
drink full-fat milk until they are at least 2
years old. Like cow milk, goat and sheep
milk are not suitable as drinks for babies
under a year old, because they do not
contain the right balance of nutrients.
Providing they are pasteurized, ordinary
full-fat goat and sheep milk can be used
as drinks once a baby is a year old.
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TABLE 4.7 (continued)

Region Age/population group Daily Translation of Reference/responsible Comments
and recommendations  recommendations, entity
country of milk and dairy weight of portions/
products servings and
household measures
Argentina
Infants Exclusive
breastfeeding
until 6th month
General recommendation 2 cups (breakfast 1 cup of milk is: Dietary guidelines Choose low-fat dairy products for adults
for adults type) of milk . for the Argentinean and full-fat for children and seniors.
Powdered milk: .
2h d tabl population, 2003.
€aped tablespoons Ministry of Health
Yoghurt: 1 unit
Children, adolescents, 3 cups (breakfast h ch . .
= pregnant and lactating type) of milk Fresh cheese: 1 portion
> about the size of a
3 women
> matchbox
)§> Cheese spread, full fat:
o 6 heaped tablespoons
g Grated cheese:
3 tablespoons
Chile
0-6 months Exclusive Food guide for children Cow milk is not adequate for children

breastfeeding

12-23 months

400-500 ml
If infant formula
is used: based on

cow milk (18-26%

fat)

less than 2 years, 2005.
Ministry of Health

younger than 1 year.

961
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TABLE 4.7 (continued)
Region Age/population group

and
country

Chile (continued)

Daily
recommendations
of milk and dairy
products

Translation of
recommendations,
weight of portions/
servings and

household measures

Reference/responsible Comments

entity

Children 2-5 years 3 cups 1 cup is: Food guide for a Choose low-fat milk and dairy products.
Milk: 1 healthier life, 2007.
10-18 years 3-4 cups fle 1 cup Institute of Nutrition and
Yoghurt: 1 unit Food Technology (INTA),
Adults 19-30 years 3 cups ) and the University of
Fresh cheese: 1 piece Chile
30-59 years 3 cups Aged cheese: 1 slice
S 60+ years 2-3 cups
=}
)Z> General recommendation Milk and
=z dairy products
3 (no specific
§ recommendations)
Cuba
Infants 0-2 years Exclusive Food based dietary

breastfeeding
until 6 months of
age. If needed,
use cow or goat
infant formula

guidelines for Cuban
children less than 2 years
of age, 2009. Institute

of Nutrition and Food
Hygiene, Ministry of
Public Health
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TABLE 4.7 (continued)

Region Age/population group Daily Translation of Reference/responsible Comments
and recommendations  recommendations, entity
country of milk and dairy weight of portions/
products servings and
household measures
Cuba (continued)
Children 3-6 years 2 portions 1 portion is: Food based dietary Choose low-fat milk and dairy products.
Milk: 1 guidelines for Cubans Add little sugar to milk and dairy
7-13 years 1 portion e T cup older than 2 years of products.
Yoghurt: 240 g age, 2009. Institute
14-17 years 1 portion . of Nutrition and Food
PO‘:‘Vde{jd milk: 24 g Hygiene, Ministry of
Adults 18-60 years 1 portion or 4 tablespoons Public Health
Cheese: 30 g or 1 slice
60+ years 1.5 portion
- Pregnant 3 portions
; and breast
=z feeding
>
z women
m
% Dominican Republic
>
0-6 months Exclusive Food and nutrient

breastfeeding

General recommendation

dietary guidelines for

the Dominican Republic,
2009. Pan American
Health Organization
(PAHO); Institute of
Nutrition of Central
America and Panama
(INCAP); FAO; the State
Secretary of Public
Health and Social
Assistance (SESPAS)

No specific recommendations are given.
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TABLE 4.7 (continued)

Region Age/population group

and
country

El Salvador

Daily
recommendations
of milk and dairy
products

Translation of
recommendations,
weight of portions/
servings and
household measures

Reference/responsible
entity

Comments

General recommendation

Consume milk,
dairy products
(and eggs) at
least three times
a week

Food and nutrition
guide for Salvadorian
families by population

groups, 2009. Ministry of

Public Health and Social
Assistance

Choose low-fat milk and dairy products.

0-6 months Exclusive Breastfeeding can be continued up
breastfeeding to 2 years of age, together with
complementary feeding starting at
6 months of age.
>
%‘ 2-4 years 2 glasses of milk Choose low-fat milk and dairy products.
)§> 10-19 years Milk and dairy
o products (cheese,
o cottage cheese
> and yoghurt)
three times a
week
Guatemala

General recommendation

Consume milk,
dairy products
(and eggs) at least
twice a week

Dietary guidelines for
Guatemala: the seven
steps for a healthy
diet, 1999. Institute of
Nutrition of Central
America and Panama
(INCAP)

No specific recommendations are given.
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TABLE 4.7 (continued)

Region Age/population group
and

country

St. Kitts & Nevis

Daily
recommendations
of milk and dairy
products

Translation of
recommendations,
weight of portions/
servings and
household measures

Reference/responsible
entity

Comments

—
>
= General recommendation Eat food from Food based dietary No specific recommendations are given.
z animals (which guidelines for St. Kitts
J§> include milk) daily & Nevis, 2010. Health
m Promotion Unit, Ministry
3 of Health; Pan American
> Health Organization
(PAHO); FAO
Oman
Children and 1-5 years 0.3 cup 1 food serving: The Omani guide to Choose fat-free or low-fat varieties
adolescents Milk: 1 healthy eating, 2009. of milk and dairy products.
6-14 years 0.5 cup flie 1 cup Department of Nutrition,
Yoghurt: 1 cup Ministry of Health
Males 14-18 1cup Natural cheese, e.g.
= Females 0.5 cup cheddar: 45 g
8 14-18 Processed cheese: 60 g
2
m
m Adults and 19-70 years 0.5 cup
= elderly
70+ 0.5 cup
Pregnant 0.5 cup
women
Lactating
women

00¢
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TABLE 4.7 (continued)

Region Age/population group Daily Translation of Reference/responsible Comments
and recommendations  recommendations, entity
country of milk and dairy weight of portions/
products servings and
household measures
China
General recommendation 300 g of milk and Chinese dietary Choose low fat and skimmed milk.
dairy products guidelines, 2007. Chinese
Nutrition Society
Breastfeeding women 500 ml
Japan
General recommendation 2 servings of The dietary guidelines
milk and dairy for Japanese, 2000.
products Ministry of Health,
Labour and Welfare and
Ministry of Agriculture,
Forestry and Fisheries
% Indii
$ India
Breastfed infants 200 ml Dietary guidelines for Exclusive breastfeeding should be
of top milk Indians, 2011. National practised at least for 6 months;
Institute of Nutrition breastfeeding can be continued up to
Infants 6-12 months 5 portions 1 portion is: 2 years.
Children 1-9 yrs 5 portions Milk: 100 ml
Adolescents 10-18 yrs 5 portions
Adults 3 portions
Pregnant women and 5 portions
breastfeeding women (until
6th month)
v
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TABLE 4.7 (continued)

Region Age/population group Daily Translation of Reference/